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Those  who  have  had  to  teacli  the  elements  of  both 
Chemistry  and  Physics  to  the  same  classes  of  students 
usually  find  the  progress  of  their  pupils  more  rapid  and 
satisfactory,  for  a time  at  least,  in  the  latter  subject. 
This  is  due  in  part  to  the  smaller  number  of  facts,  appar- 
ently disconnected,  which  are  required  before  they  can 
he  grouped  together  and  simple  theories  built  up  de- 
ductively. This  is  further  intensified  by  the  fact  that 
so  many  of  the  elementary  text-books  in  chemistry  are 
occupied  too  fully  by  the  mere  enumeration  of  facts  and 
description  of  experiments,  to  the  exclusion  of  the  more 
philosophical  parts  of  the  subject.  It  is  hoped  that  this 
small  book  may  to  some  extent  make  up  for  this  defect, 
and  lead,  on  the  part  of  those  using  it,  to  the  desire 
for  more  knowledge  of  this  most  interesting  branch  of 
chemical  science.  Throughout  it  has  been  assumed  that 
the  student  has  a fair  knowledge  of  chemical  facts  and  ex- 
periments, and  also,  to  a certain  extent,  that  he  may  have 
the  advantage  of  access  to  a teacher.  For  this  reason 
references  have  frequently  been  made  to  matters  some- 
what outside  the  subject  under  discussion,  for  the  pur- 
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poso  of  stimulating  the  more  enquiring  student,  without 
at  the  same  time  perplexing  those  less  so.  On  the  other 
hand,  many  examples  of  reactions  have  been  repeated  in 
a way  that  those  unacquainted  with  the  difficulties  and 
re(piirements  of  less  brilliant  students  may  be  apt  to 
think  unnecessary. 

It  need  hardly  be  remarked  that  no  claim  for  either 
originality  or  completeness  is  claimed  for  .such  a work. 
As  far  as  possible,  all  very  debatable  matter  has  been 
omitted,  and  it  is  for  this  reason,  for  example,  that  the 
account  of  the  theories  of  solution  has  been  made  very 
short. 

Finally,  the  author  can  but  acknowledge  his  indebted- 
ness to  the  published  works  of  chemists  in  general,  and 
especially  to  those  of  Lothar  IMeyer  and  of  Ostwald, 
both  of  whom  have  done  so  much  to  encourage  the 
study  of  Chemical  Theory. 

A.  SCOTT. 


Cambridge,  Noveviber  1891. 
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CHAPTER  I. 


ON  THE  CONSTITUTION  OE  MATTER. 

Few  prolilems  have  a.s  many  attractions  for  ingenious 
speculators  as  that  regarding  the  constitution  of  matter. 
"We  therefore  find  that  it  has  heen  a subject  of  the 
theories  of  thinking  men  in  all  ages.  AVithout  going 
into  a history  of  the  various  theories  which  have  been 
propounded  from  time  to  time,  we  will  consider  only  the 
one  which  has  been  built  up  by  the  labours  of  chemists 
and  physicists  on  the  results  of  experiment.  It  stands 
this  test  of  a true  theory,  that  it  not  only  serves  to  explain 
all  known  facts,  but  has  enabled  many  facts  to  be  fore- 
seen and  demonstrated  by  experiment  afterwards. 

flatter  is  not  divisible  to  any  extent.  There  is  a 
definite  limit  to  which  avo  come  in  the  case  of  every 
substance.  In  fact,  it  is  made  up  of  A^arious  definite 
particles.  If  avc  take  a piece  of  glass,  for  example,  Ave 
can  imagine  it  broken  by  mechanical  means  into  A^ery 
small  pieces,  and  these  again  into  still  smaller  pieces,  till 
AVC  come  to  the  smallest  piece  of  glass  possible ; this  is 
called  a molecule  of  glass.  If  Ave  iioav  adopt  chemical 
means,  avc  may  break  it  up  still  further  into  three  sub- 
stances— soda,  lime,  and  sand ; and  each  of  these  Ave  find 
AVC  can  again,  Ijy  chemical  means,  break  up  into  tAvo 
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iie\v  siiUstaiices — soda  into  a metal,  aodiuui,  aiid  a gas, 
oxygen,  the  lime  into  a metal,  calcium,  and  the  same  gas 
oxygen,  and  the  sand  into  a brown  ])(jwder,  till  icon,  and 
again  oxygen.  These  four  new  bodies — sodium,  calcium, 
silicon,  and  oxygen — however,  have  hitherto  resisted  all 
attempts  to  break  them  up  into  new  sul)stanees  of  a 
simpler  nature.  They  belong  to  that  class  of  bodies 
called  elements,  Avhich  are  simply  substances  which  have 
resisted  all  attempts  to  decompose  them,  but  these  may 
possibly  be  each  one  re.solved  into  simj)ler  substances 
again,  when  we  have  more  poweiiul  means  of  tearing 
them  a})art,  or  analysing  them.  e may  jirove  some- 
times also  that  a body  is  not  a true  element  by  building 
it  up  from  simpler  substances.  A\'e  are  then  said  to 
synthesize  that  substance  from  its  elements. 

Of  elements  at  })resent  M’e  know  about  seventy,  which, 
built  together  in  more  or  less  siniitle  proportions,  give 
rise  to  an  almost  infinite  number  of  definite  comj)ounds. 

If,  then,  we  take  any  form  of  matter,  aiid  after 
applying  both  mechanical  and  chemical  tests  of  every 
kind  we  can  only  find  one  kind  of  substance  in  it,  we 
assume  that  we  have  got  an  elementary  form  of  matter, 
and  that  all  its  rdtimate  particles  are  alike.  These 
ultimate  i)articles  of  elements  are  called  atoms. 

We  may  be  unable  by  mechanical  means  (such  as 
sifting,  washing,  or  testing  with  a magnet  or  by  using  a 
microscope)  to  detect  any  diversity  or  M'aiit  of  homo- 
geneity in  a substance,  yet  may  be  able  to  do  so  by 
chemical  means  (such  as  treatment  with  acids,  roasting 
alone  or  in  presence  of  air  or  by  the  ])assage  through  it  of 
a galvanic  current),  and  .separate  it  into  two  or  more 
substances  differing  from  the  original  substance,  then,  in 
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ull  j)robiibility  we  have  got  a chemical  compound  to  deal 
with,  all  the  molecules  of  which  are  the  .same,  but  the 
atoms  of  which  these  molecules  are  luult  up  diller  from 
one  another.  The  atoms  of  the  elements  themselves  are 
generally  combined  together  into  molecules  at  ordinary 
teniperature.s,  each  molecule  usually  coiLsi.sting  of  two 
atoms.  If  by  mechanical  means  alone  we  are  able  to 
detect  more  than  one  form  of  matter  in  any  substance 
we  may  safely  conclude  we  have  a mixture,  the  molecules 
in  which  are  not  all  the  same. 

A mixture,  therefore,  is  a substance  in  ^\■hich  the 
molecules  arc  not  all  of  the  .same  kind. 

A compound  is  a substance  of  which  the  molecules 
arc  identical  in  every  respect,  but  the  atoms  of  which 
each  molecule  is  built  up  are  of  different  kinds. 

An  clement  is  a substance  of  which  the  atoms  are  all 
alike. 

The  chemical  and  [ihysical  properties  of  gases  indicate 
very  clearly  that  matter  in  that  form  is  in  its  simplest 
state  of  aggregation.  According  to  the  kinetic  theory 
of  gases  develoi)cd  by  the  splendid  researches  of  Joule, 
Clausius,  Clerk  INlaxwcll,  and  others,  a gas  coiisists  uf 
particles  moving  Avith  immense  velocity,  and  the  pre.s- 
sure  exerted  by  a gas  on  the  Avails  of  the  ve.ssel  contain- 
ing it  is  due  to  the  impact  of  these  molecules.  From 
it  the  three  laws  of  Avogadro,  Foyle,  and  Charles  floAV 
as  necessary  deductions.  These  three  Iuaa's  are  : — 

1.  Avu(jadro’s  Laic. — When  tAvo  gases  are  at  the  .same 
temperature  and  pressure  the  nundjer  of  molecules  in 
unit  of  volume  is  the  .same  in  both  gases,  and  hence  the 
densities  of  tAA’o  gases  are  proportional  to  the  masses  of 
their  individual  molecules. 
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II.  Boyle's  Law. — The  volume  of  any  given  mass 
of  gas  varies  inversely  as  the  i)rcssure,  the  temperature 
remaining  the  same,  or  the  product  of  the  ju'cssurc 
and  the  volume  of  a given  ma.ss  of  any  gas  is  a constant 
quantity. 

III.  Charles’  Law. — All  gases  expand  e(pially  under 
equal  increments  of  temperature;  this  rate  is  of  its 
volume  at  0°  C.  per  degree  centigrade.  Or  we  may  .state 
it  as  “ The  volume  of  a given  mass  of  every  gas  is  pro- 
portional to  its  al).solute  temperature.'’ 

These  three  laws  only  hold  strictly  with  a perfect 
gas.  Avogadro’s  law  can  he  tested  hy  determining  with 
accuracy  the  volumes  in  which  gases  comlune  together. 
In  the  case  of  hydrogen  and  oxygen  it  is  very  nearly 
in  the  proportion  of  two  volumes  of  hydrogen  to  one 
of  oxygen,  hut  not  rigidly  so,  the  true  ratio  being  2 '0024 
to  1.  That  is,  then,  that  the  number  of  molecules  in 
one  volume  of  oxygen  is  to  that  in  one  volume  of 
hydrogen  as  10,012  to  10,000. 

Coming  to  Boyle’s  law  we  see  how  this  may  be.  We 
must  rcme]nl)er  that  the  chect  of  increase  of  pre.ssurc 
is  to  diminish  the  mean  distance  of  the  molecules  and 
not  to  make  the  molecules  themselves  become  smaller. 
The  law  can  only  hold,  then,  even  with  a ])erfcct  gjis, 
when  the  volume  of  the  molecules  is  as  nothing  to  the 
di, stance  bewcen  them.  All  gases  which  we  know,  how- 
ever, yield  to  increase  of  pressure  more  than  the  law  (as 
usually  cininciated)  requires,  with  the  single  exception 
of  hydrogen,  which  does  not  yield  (juite  enough. 

d'his  is  noticeable  even  at  comparatively  low  pressures, 
as  the  following  measurements  by  Kegnault  show,  lie 
measured  a volume  of  gas  and  its  corresponding  pressure. 


EFFECT  OF  PRESSURE  ON  GASES. 


then  increased  the  pressure  till  the  volume  vas  reduced 
to  exactly  half  the  original. 


lYr  hydrogen ; — 

Y = 2 

Pi  = 2211TS 

-998584 

V.,  = l 

P.,  = 4431-14 

P„\b  4431-14 

and 

Vj  = 2 

Pi  = 12513-03 

P,Yi_25026-06^ 

V„  = l 

P.,  = 25070 -78 

P.,V.,  25076-78 

For  nitrogen : — 

\'i  = 2 

Pi=  753-96 

Ihy,_1507-92^^.Q0^^^.2 

Po  = 1506-24 

PoV„  1506- 24 

and 

V,=  2 

Pi  = 2159-36 

K'-'''«-^-1-001097 

\b=l 

P2=4311-97 

I'.An  4311-97 

For  carbon  dioxide  : — 

V,-=2 

Pi=  764-03 

Pyi^l528-06^^ 

V.,  = l 

P.,  = 1516-00 

P.Ab  1516-00 

and 

Vi  = 2 

Pi=  8393-68 

P.yi_10787-36_  ^ ^ 

Vo  = l 

P..  = 15493-00 

l’.,\b  15493-00 

Xo  gas. 

therefore,  obeys 

Boyle’s  law  perfectly,  and 

their  deviations  from  it  are  not  the  same  in  extent ; 
hence  this  alone  prevents  Avogadro’s  law  from  being 
an  absolute  law. 

Although  at  low  pressures  the  product  PY  is  too 
small,  if  the  pressure  lie  increased  continuously  it  steadily 
diminishes  to  a minimum  ; then,  again,  increases  till 
it  .surpasses  its  original  value,  as  is  shoAvn  by  the 
following  tables : — 


0 COMPRESSIBILITY  OF  XITROOEX. 

( 'oMPRESSimLiTY  OF  XiTROGEX  (Caillotet) : — 


p 

\- 

PV 

T 

m. 

■'  C. 

39-359 

207-93 

8184 

15-0 

49-560 

161-85 

8022 

14-9 

59-46-2 

132-86 

7900 

15-0 

64-300 

123-53 

7951 

15-0 

09-367 

115-50 

8011 

15-0 

79-234 

103-00 

8162 

15-1 

109-199 

77-70 

8484 

15-6 

149-205 

59-70 

8907 

16-5 

1 SI -985 

51  -27 

9330 

17-2 

CoMPRESSimUTY  OF  AlR  AT  ORDINARY  TEMPERATURES 
(Aiiiao-at).  From  Proporti^’f^  of  Mniior  (Tail). 


Pressuve 

PV 

in  ntinosplirros. 
1 

1 -0000 

31-67 

-9880 

59-53 

•9815 

73-03 

-9804 

84-21 

-9806 

94-94 

•9814 

133-51 

-9905 

176-17 

1-0113 

282-29 

1 -0837 

400-05 

1-1897 

Ifonco  at  ordinary  toniporaturos,  and  at  InS’d  atmos- 
]ili('ric  prcssnro,  air  is  roducod  to  of  its  volume. 

The  reason  of  this  is  plain.  8u]»pose  that  at  a given 
pressure  the  volume  of  1 litre  is  occupied  hv  a quantity 
of  gas,  the  volume  of  the  molecules  of  Avhich  equals  1 c.c.. 
we  Avill  then  have  999  c.c.  unoccujued  volume  : doubling 
the  pressure  rve  reduce  it  to 
OQO 

-1^  -1- 1 = 499  -5  + 1 c. c.  = non -n  - V 
PY-2xnon-n  = iooi 


DEVIATIONS  FRO^[  BOYLE’S  LAAV. 


and  for  ton  atmospliercs  prossuro 
999 

— +1  = 99'9  + 1 c.c.  =100-9  = V 
V = 10x  100 -9  = 1009 


Til  is  then  rosenil  ilos  tlie,  hehavionr  of  liydrogen,  in 
whieh  is  too  great  even  from  low  pressures.  If, 
liowever,  the,  inerease  of  iiressnre,  causes  too  great  a 
diminution,  it  is  evident  that  we  are  multiplying  each 
time  the  volume  of  the  molecules  hy  larger  and  larger 
mimhers,  and  that  in  time,  when  the  numher  hecomes 
high  enough,  it  will  more  than  make  up  for  the  too 
great  diminution  of  the  distance  hetween  tlie  molecules. 
As  oxygen  is  then  more  compressihle  than  it  ought  to 
he,  according  to  Hoyle’s  law,  the  higher  the  pressure 
the  more  also  must  it  dmdate  from  Avogadro’s  law  ; and, 
consequently,  at  ordinary  pressures  it  is  highly  prohahle 
that  it  even  then  contains  more  molecules  than  an  equal 
volume  of  hydrogen  under  the  same  conditions. 

Charles’  law  in  like  manner  is  not  obeyed  hy  the 
gases  with  which  we  are  acquainted.  According  to  the 
kinetic  theory  of  gases,  we  have  seen  that  all  gases 
ought  to  expand  at  an  e(pial  rate  with  one  another,  and 
for  equal  increments  of  temperature  (.say  from  - 10°  C.  to 
+ 10°  C.,  and  from  80°  C.  to  100°  C.)  a given  ma.ss 
ought  to  increase  in  volume  equally. 

As  with  Hoyle’s  law,  it  is  those  gases  which  are  most 
easily  li(pu‘(ied  which  deviate  most. 


COKI’FTCTENTS  OF  EXF.\XSION  BETWEEN  0°  AND  100°  C. 


ITydrocren,  . 

Air,  . 

Carlion  moiioxiilc, 
Carbon  dioxide, 
Sididnir  dioxide,  . 


r'niist.nnt  pressure 
of  7(;0  Him. 

■00:36C1 
•003670 
•003669 
•003710 
•I  103903 


Const.int  volume. 

•003668 

•00366.5 

•003667 

•003686 

•00384.5 
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EXPANSION  OF  GASES. 


Again,  m’o  see  that  hydrogen  behaves  in  a contrary 
way  to  the  other  gases,  its  coefficient  under  constant 
Yolnine  being  greater  tlian  under  constant  pressure, 
wliile  it  is  less  in  all  the  others. 

In  a licjuid  the  particles  are  more  or  less  ke})t  together 
by  cohesion,  and  roll  over  one  another  rather  than 
move  about  freely.  The  condition  of  a li(juid  ma.ss  at 
ordinary  temperatures  may  be  com])ared  to  peas  in  a 
box,  Avhich  take  an  approximately  level  surface,  with 
the  addition  that  each  is  moving  Avith  a velocity 
depending  on  the  nature  of  the  molecule  ami  on  its 
temperature.  The  higher  the  temperature  the  more 
energetic  the  motion,  and  some  particles  near  the  surface, 
as  it  Avere,  escape  into  the  space  above,  and  thus  Ave 
account  for  evaporation. 

In  a solid  the  particles  011I3'  vibrate  about  a mean 
position  lAiitil  by  increase  of  temperature  this  vibration 
becomes  so  great  that  the  particles  become  free  from  one 
another  AA’hen  Ave  get  a liquid. 

With  the  internal  motion  of  a solid  Ave  have  little  to 
do  in  chemistry,  Imt  Ave  do  utilise  the  dilTerent  rates  of 
motion  in  the  molecules  of  liquids  and  of  gases. 

First,  Avc  may  readily  in’ovc  that  the  jiavtich's  of  gases 
move  rapidly  at  ordinary  temperatures. 

Take  a cylindrical  porous  jar,  such  as  is  us(hI  in  a 
galvanic  l)attery;  close  the  open  end  Avith  an  india- 
rubber  sto])per  having  a narroAv  glass  tube  through  it, 
and  l)y  means  of  an  india-rubber  tube  connect  the  jar 
Avith  a manometer.  As  long  as  air  is  inside  and  outside 
(temperature  being  the  same)  no  change  Avill  be  visible 
(though  it  does  not  folloAv  that  no  changes  are  going 
on).  Place  noAv  the  ]iorous  jar  in  a vessel  full  of 
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liydrogen  gas,  -when  at  once  a large  increase  of  pressure 
inside  tlie  jar  Avill  be  indicated.  Something  must  haA^e 
got  into  tlie  jar  to  haA'e  thus  increased  tlie  pressure. 
If,  instead  of  putting  the  jar  into  hydrogen,  Ave  had  put 
it  into  carbon  dioxide,  Ave  AA’ould  haA’C  liad  a diminution 
(Af  pressure  instead  of  an  increase.  Sometliing,  there- 
fore, must  haA'e  got  out  of  tlie  jar  in  this  case. 

Prie.stley  had  obsei'A'ed  that  CA'en  aa'Iiou  the  pressure 
inside  A'essels  of  unglazed  earthenAvare  A\*as  greater  than 
that  of  the  surrounding  atmosphere,  gases  from  the  fuel 
he  Avas  employing  to  heat  them  Avmdd  find  their  Avay 
inside.  Ddbereiner  had  also  obsen-ed  that  hydrogen 
enclosed  in  a cracked  jar  OA'cr  AAaiter  gradually  escaped, 
and  the  Avater  inside  rose  considerably  aboA'e  the  sur- 
face of  that  in  the  pneumatic  trough. 

Dalton  made  many  exjierimcnts  of  a simple  nature 
on  diffusion  of  gases.  One  AA'as  to  take  tA\’o  flasks 
and  connect  them  by  means  of  tAVO  corks  and  a long 
and  narroAA’  glass  tube ; fill  one  AA’ith  hydrogen  and 
the  other  Avith  a denser  gas,  as  oxygen  or  carbon 
dioxide,  lie  shoAA’cd  that,  no  matter  AA’hat  the  gases 
Avere,  even  Avhen  the  hydrogen  flask  Avas  directly 
above  the  one  containing  the  denser  gas,  the  tAvo  gases 
alAAaays  tended  to  mix  comidetely.  Bcrthollet  further 
shoAved  that  it  rerpiired  a much  longer  time  for  mix- 
ture Avhen  the  lighter  gas  Avas  oxygen,  nitrogen,  or 
air,  instead  of  hydrogen.  But  it  is  to  Graham  that 
Ave  are  indebted  for  the  first  accurate  experiments  on 
the  subject.  Ho  first  shoAved  that  aa'Iicu  hydrogen 
escaped,  as  in  Dubereiner’s  observation,  at  the  same  time 
a certain  cpiantity  of  air  entered. 

He  .shoAved  that  the  rates  at  Avhich  various  gases  pass 
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through  unglazpd  oartheinvai’p,  or  a plate  of  compressed 
graphite,  ■were  inversely  proportional  to  the  square  roots 


of  tludr  density.  Some  of  his 

nnml  »ers 

are  given  in  the 

following  tahh‘ : - - 

l>cnsiiv 

1 

Volume  of  pas 
e.scapinp  for  1 of 
air  entevimr. 

air=  1.' 

\^niMi.sity. 

Hydrogen, 

•Otlf) 

3-779 

3-83 

iMarsli  gas, 

1 -3.37 

1-344 

(’arbon  innnoxido. 

•bOS 

1 -oi  0 

1-0 1.0 

Nitrogen, 

•nn 

1 -01.3 

1 -014 

Fitliylonc, 

•978 

1-011 

1 -019 

Oxygen, 

] -Kk! 

-n.'il 

•949 

Nitrons  oxiile. 

1-527 

•809 

•8-20 

Carbon  dioxide, 

1 •f)-29 

•809 

•812 

I tut,  according  to  the  kinetic  theory  of  gas('s,  we  have 
= when  we  have  two  gases  in  thermal 

(•(pulihrium,  M,  and  ]\I.,  heing  the  masses  of  their 
mol(‘cnh‘S.  and  \',  and  their  rc'sjiectivc  velocities, 


Mo 


M.,  \h  • 


This  is  what  Graham  proved  hy  experiment,  viz.,  that 
the  velocity  of  the  molecules  is  inversely  as  the  wjnarc 
roots  of  their  masses. 

As  the  ma.sses  of  tht'  molecules  of  hydriodic  acid  (III), 
oxygen  (G.,),  and  hydrogen  (1I„)  are  to  one  another 
as  128  ; 32  : 2,  (U'  as  04  : 10  : 1,  the  V(doeiti(‘S  of  their 
inoh'cides  must  he  as 


Vt!4  ’ \ 'Ta 


, or  as  1 ; 2 : 8 . 


It  is  easy  to  calculate  the  velocity  of  the  particles  of 
a gas,  as  has  heen  shown  hy  Joule,  if  we  know  the 


VELOCITIES  OF  MOLECULES. 


n 


total  mass  of  tho  gas  and  tlio  pvossnvo  it  exerts.  At 


0’  C.  it  is  for 

ITydrogcn, 

1844  metres 

per  second 

Oxygen,  . 

461 

5 > 

Nitrogen, 

492 

> } 

Carbon  monoxide,  . 

493  „ 

J > 

Carbon  dioxide, 

391  „ 

J 

All  gases,  as  far  as  avo  know,  mix  perfeetly  with  one 
another,  hut  it  is  not  so  with  li([nids,  as  oil  and  water,  or 
water  and  mercury,  which  will  not  mix  howcTer  long  they 
may  he  left  together,  and  even  if  thoroughly  shaken 
together  will  again  separate  into  two  layers.  Graham, 
however,  showed  that  if  Ave  take  tAvo  li(|uids  of  dillerent 
densities  Avhich  Avill  mix,  and  idace  the  denser  one  heloAv 
the  lighter  one,  tlic  denser  one  Avill  mount  through 
tlie  lighter  one,  Avhich  in  turn  Avill  lind  its  Avay 
doAvn.  This  is  readily  seeir  hy  taking  one  of  them 
highly  coloured,  as  a saturated  solution  of  potassium 
l)ichromate  for  the  denser  one,  and  Avater  alone  for  the 
lighter.  The  colour  Avill  he  seen  gradually  to  difi'use 
upAA’ards  through  the  Avhole  mass  of  liipiid. 

The  method  of  experimenting  adophal  hy  (Jraham  Avas 
to  take  a hottle  or  jar  Avith  a neck  contracted  someAvhat, 
and  ill!  it  to  Avithin  half  an  inch  of  the  top  Avith  the 
solution  of  the  salt  to  he  investigatcHl ; tlum  till  it  com- 
])letely  Avith  inm;  Avater,  and  having  covered  it  Avith  a glass 
l)latc,  carefully  place  the  Avhole  iu  a larger  jar  containing 
pure  Avat('r  ; then  remove  the  glass  plate  and  alloAv  tin' 
diffusion  to  go  on  in  a cellar  Avhere  the,  temperature  is 
nearly  constant.  After  a given  time  the  salt  Avdiich  had 
diffused  out  Avas  estimated  cither  hy  evaporating  the 
Avater  in  the  outer  jar  to  dryness,  or  hy  some  chemical 
method  depending  on  the  nature  of  the  salt. 
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Some  of  tlie  conclusions  wliich  he  arrived  at  are  : — 

1 . That  different  salts  in  solutions  of  equal  strength 

diffuse  unequally  in  equal  times. 

2.  AVith  each  salt  the  rate  of  diffusion  increases  Avith 

the  to-m])craturo,  and  at  any  given  temperature  is 
* proportional  to  the  strength  of  the  solution,  at 
least  AA’hen  it  does  not  contain  more  than  4 or  H 
per  cent. 

3.  That  there  exist  classes  of  equi-diffusive  substances 

Avhich  coincide  in  many  cases  Avith  isomorphous 
groups.  AVe  have  the  .same  rate  for  hydrochloric, 
hydrobromic,  and  hydriodic  acid ; for  l)arium, 
strontium,  and  calcium  nitrate.s,  d'c. 

The  general  hiAv  regulating  these  movements  seems  to 
be  that  the  velocity  Avith  Avhich  a soluble  salt  diffuses 
from  a stronger  into  a Aveaker  .solution  is  proportional  to 
the  difference  of  concentration  betAveen  tAvo  contiguous 
strata. 

Bodies  AA'hich  crystallise  readily  as  a rule  diffuse  far 
more  rapidly  than  substances  of  an  uncrystallisable  nature, 
.SAich  as  glue  ; and  on  this  is  based  a method  of  separating 
bodies  having  A^ery  different  dilfusion  ratc.s  from  one 
another.  Graham  named  these  tAvo  cla.sses  crystalloids 
and  colloids,  and  the  method  of  separation,  The 

times  of  equal  diffusion  of  scA’cral  substances  are  given 
in  the  folloAving  table  : — 

Hydrochloric  .acid,  .....  1 

.Sodium  chloride,  .....  ‘i'.aa 

Sugar, . 7 

Magnesium  suhdiatc,  ....  7 

Albumen, -19 

Caramel, 9S 

We  see  here  that  the  molecules  having  greater  masses 
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move  more  .slowly  than  those  with  smaller.  In  n})ply- 
ing  dialysis  to  the  separation  of  unequally  dilfusiblc 
substances,  a tray-shaped  vessel  is  made  of  parchment 
paper,  siq)ported  by  a ring  of  glass,  and  in  it  is  placed 
the  mixture,  and  the  whole  is  supported  or  made  to 
float  on  pure  water.  The  crystalloids  will  pass  rapidly 
through  into  the  pure  water,  and  as  it  gets  mure  and 
more  of  them  they  will  pa.ss  back  again.  The  mixture 
w'ill  continue  to  lose  them  till  the  water  outside  is  prac- 
tically of  the  same  strength  as  that  inside.  Hence  the 
outside  water  ought  to  be  repeatedly  changed  if  we  want 
to  remove  the  whole  of  the  crystalloids  from  the  colloids. 
The  best  way  is  to  sup})ort  the  dish  in  a stream,  so 
that  the  crystalloids,  having  come  through,  are  taken 
away  and  prevented  from  returning.  In  this  way  the 
mixture  of  hydrochloric  acid,  sodium  chloride,  and  silicic 
acid  formed  by  pouring  a solution  of  sodium  silicate  into 
excess  of  hydrochloric  acid,  can  in  a few  days  give  a 
.solution  of  silicic  acid,  which  will  give  no  preci])itatc 
with  silver  nitrate.  A solution  of  ferric  chloride  placed 
in  the  dialyser  (or  tray)  can  be  separated  completely  into 
hydrochloric  acid  and  ferric  hydrate,  which  remains  in 
the  dialyser  in  a soluble  form,  the  acid  passing  through. 

Diffusion  of  gases  has  also  been  applied  in  analysis 
for  the  separation  of  mixed  gases,  under  the  name  of 
at  moll/sis.  If  the  mixture  of  hytlrogen  and  oxygen  from 
the  electrolysis  of  water  be  })assed  through  tlie  stem  of  a 
long  clay  pipe,  the  gas  issuing  from  it  will  be  found  to 
contain  almost  no  hydrogen.  Ordinary  analysis  is  unable 
to  detect  a mixture  of  equal  volumes  of  hydrogen  and 
ethane  (C2ll^)  from  marsh  gas  (CH.j),  as  it  has  the  same 
percentage  composition  and  the  same  density.  But  if 
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wc  take  two  tuln'.sul'  cajual  kaigtli,  oiiu  uf  })ui'uiit5  eartlieii- 
■ware  and  the  other  of  glass  of  larger  diameter,  and  lit  them 
together  like  a Liehig’s  eondenser,  and  maintain  a eurrent 
of  earhon  dioxide  through  the  annnlar  s]>aee  'while  the 
mixture!  of  ethane  and  liydrogen  is  passed  through  the 
])orous  tube,  the  hydrogen  with  a little  ethane  will  }>ass 
into  the  carbon  dioxide,  fro)ii  which  it  may  be  separated 
by  passing  through  ])otassium  hydi-ate  solution,  the  mix- 
ture from  the  inner  tube  may  be  similarly  freed  from 
carbon  dioxide,  and  will  be  a mixture  of  ethane  with  a 
little  hydrogen. 

Ap])arently  in  exactly  the  same  way  as  the  gases  from 
the  burning  fuel  found  their  "way  into  1’riestley‘s 
earthenware  yessels,  carbon  monoxitle  and  hydrogen 
j)ass  through  certain  metals,  esjiecially  iron  and 
platinum,  at  a red  heat,  lloweyer,  on  inyestigation  it 
was  soon  seen  that  there  was  a connection  between 
the  metal  and  the  gas  which  passed  through,  and 
that  it  had  no  relation  to  the  general  physical  ]>ro- 
perties  of  the  gas.  AVhat  Avas  necessary  was  a gas  and 
a metal  Avhich  would  either  combine  Avith  it,  or  at 
least  absorb  or  occlude  it,  as  it  is  ti'rmed.  Carbon 
monoxide  is  readily  absorbed  and  retained  by  metallic 
iron,  although  no  delinite  com[)Ound  has  been  detected, 
as  has  just  been  shoAvn  to  be  the  case  Avith  nickel,  Avith 
Avhich  it  unites  directly  to  form  a li<piid  haying  the 
formula  A’i(CO)4,*  Avhich  readily  breaks  up  again  into 
the  gas  ami  metal  at  180°  C.  If  Ave  take  an  iron  tube, 
closed  at  one  end  and  connected  at  the  other  Avith  a 
>S[)rengel  mercury  pump,  and  exhaust  com})letcly,  the 

* A coiTcsimiiJiiig  A’olatile  ooiiipomid  of  iron  and  carbon 
monoxide  has  now  been  discovered  also. 
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vacuum  remains  as  long  as  tlie  tube  is  cold,  but  if  raised 
to  a red  heat  in  a gas  llame  it  is  easy  to  pum})  out  of 
the  tube  large  (|uautities  of  carbon  monoxide  and 
hydrogen.  Platinum  readily  permits  of  the  passage  of 
hydrogen  through  it,  hence  it  is  unsafe  to  ignite  readily 
redueible  materials  in  a platinum  crucible,  even  although 
a strongly  oxidising  llame  be  used,  as  such  always  con- 
tains free  hydrogen,  which  would  iind  its  way  inside  the 
crucible  although  the  oxygen  and  nitrogen  might  not. 

Graham  also  showed  that  the  gases  which  come 
into  a vacuum  from  the  atmosphere  through  a very 
thin  film  of  india-rubber  suitably  sui)})orted,  contain 
a far  larger  })roportion  of  oxygen  than  that  in  the 
atmosphere,  the  gas  being  so  ricli  in  oxygen  that  it 
readily  relights  a glowing  splinter  of  wood.  In  the 
case  of  carbon  monoxide  and  iron,  platinum  and  hydro- 
gen, and  india-rubber  and  oxygen,  we  seem  to  have  a 
solution  of  the  gas  in  the  solid ; and  just  as  an  ordinary 
solution  of  a gas  gives  oft'  that  gas  into  a vacuum  (or 
other  gas  free  from  it),  so  tlic  iron  gives  oil'  its  carbon 
monoxide  and  the  india-rubber  its  oxygen.  The  solu- 
tion of  gases  in  liquids  which  do  not  act  chemically 
upon  them  depends  definitely  on  tlic  temperature  and 
the  pressure,  and  can  be  ex}>ressed  by  a simple  hiAv,  to 
wliich  we  have  no  parallel  in  the  cases  of  solubility  of 
li<j[uids  and  solids.  It  was  known  to  many  of  the  older 
observers,  and  was  pointed  out  by  both  Cavcndisli  ami 
Priestley,  that  an  increased  pressure  increased  tlie 
fpiantity  of  gas  dissolved,  but  tlic  law  was  not  clearly 
stated  till  1803,  when  it  was  enunciated  thus  by 
Henry  : — “ Under  equal  circumstances  of  tenqim'ature 
water  takes  up  in  all  cases  the  same  volume  of  con- 
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ileiiscil  gas  as  (jf  gas  uiular  ordinary  itrossure.  J)ut  as 
the  spaces  occui)ied  l>y  every  gas  are  inversely  as  the 
compressing  force,  it  follows  that  water  takes  np  of  gas, 
compressed  hy  oii(‘,  tw(>,  or  more  additional  atmospheres, 
a quantity  which,  ordinarily  compressed,  woidd  l)e  equal 
to  twice,  thrice,  &c.,  the  volume  ahsorhed  under  the 
common  pressure  of  the  atmosi)here.”  If,  however,  the 
li(piid  he  exposed  to  a mixture  of  two  gases,  it  is  found 
tluit  the  amount  of  each  gas  dissolved  is  in  no  case  as 
much  as  it  would  have  taken  had  each  gas  hecn  ])rc- 
sented  to  it  alone  at  the  total  ])ressure,  hut  that  it  takes 
up  the  (piantities  required  hy  Henry’s  law  if  we  take 
the  partial  pressures  due  to  each  gas  separately. 

An  example  will  make  this  plainer. 

Taking  air  as  composed  of  4 vols.  of  nitrogen  to  1 vol. 
of  oxygen,  and  the  coefficient  of  solubility  of  oxygen  :us 
•04114  at  0°  C.  and  of  nitrogen  '02035,  100  c.c.  of  water 
would  dissolve  of  oxygen  at  the  atmospheric  pres.surc 
4‘114  c.c.  of  oxygen,  and  likewise  of  nitrogen  2-035  c.c., 
but  the  pressure  of  the  oxygen  is  only  1 of  an  atmos- 
phere, therefore  we  have  dissolved  of  oxygen 


C.C.,  and  the  pressure  of  the  nitrogen  being  4 of  an  atmo- 

■>•035  X 4 

sphere,  we  have  of  it  p = TG28  c.c.  The  gtvses 


arc  then  dissolved  in  almost  exactly  the  pro2)ortions  of 
2 vols.  of  nitrogen  to  1 vol.  of  oxygen,  instead  of  4:1. 
This  is  one  of  the  best  proofs  that  the  air  is  a mixture 
and  not  a compound. 

The  above  extension  of  Henry’s  law  was  di.scovercd 
by  Dalton,  but  not  2)laced  on  a thorough!}'  sound  basis 
till  takc]i  iq)  by  Bunsen  and  his  inq)ils,  who  determined 
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with  accuracy  the  coefficients  of  solubility  of  several 
gases  in  water  and  alcohol  at  different  temperatures. 

In  the  case  of  gases  the  amount  dissolved  is  less  the 
higher  the  temperature,  and  at  the  boiling-point  none 
remains  in  solution  or  would  be  taken  up.  Hence,  to 
ensure  the  freedom  of  water  from  dissolved  gases,  it  is 
usual  to  boil  it  for  some  time. 

If  we  have  chemical  combination  between  the  liquid 
and  the  gas,  then  we  will  be  unable  to  boil  out  all  the 
gas.  If  we  take  the  strongest  hydrochloric  acid  solu- 
tion and  heat  it,  it  will  give  off  hydrochloric  acid  gas  at 
first,  but  after  heating  for  some  time  the  percentage  com- 
position of  the  vapours  given  off  is  exactly  the  same  as 
that  of  the  liquid  remaining  behind  in  the  retort,  and 
both  will  remain  so  till  the  whole  has  been  distilled.  If 
we  begin  with  it  very  weak  the  same  point  is  reached, 
water  distilling  over  first.  The  boiling-point  gradually 
rises  to  110°  C.,  when  the  liquid  has  exactly  the  same  com- 
position as  Avhen  the  experiment  was  begun  with  the 
strong  solution  of  the  acid.  It  corresponds  to  about  20 
per  cent,  of  hydrochloric  acid,  and  almost  to  a hydrate, 
nCl  -h  8H.3O. 

Ammonia,  which  is  also  a very  soluble  gas,  behaves  in 
an  entirely  different  manner.  When  its  solution  is 
heated  the  gas  comes  off,  accompanied  by  more  or  less 
steam,  until  all  the  ammonia  is  expelled,  when  pure 
steam  comes  off  alone,  pure  water  remaining  in  the  retort. 
It  is  therefore  easy  to  show  that  a neutral  solution  of 
ammonium  chloride  consists,  in  part  at  least,  of  hydro- 
chloric acid  and  of  ammonia,  for  on  boiling  it  for  a very 
short  time  it  becomes  distinctly  acid  in  its  reaction,  as 
may  be  proved  by  adding  litmus  solution  before  boiling. 

2 
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Tliat  water  at  its  boiling-point  .should  dissolve  no  gas 
might  bo  anticipated,  as  its  vapour  tension  alone  equals 
that  of  the  atmosphere;  and  also  that  as  its  temperature, 
and  thorefoi-e  its  vapour  tension  increases,  the  rate  of 
solubility  should  diminish,  but  this  diminishes  at  a much 
greater  rate  tlian  that  of  the  increase  of  tension. 

With  regard  to  the  solululity  of  solids  in  lirpiids,  as  a 
rule  the  amount  of  solid  di.s.solved  increa.sos  with  increase 
of  the  temperature  of  the  solvent.  In  the  case  of 
common  salt  the  temperature  makes  but  little  ditrerence, 
and  many  salts  of  calcium  are  more  soluble  at  low  than 
high  temperatures,  e.g.,  the  citrate,  whilst  several  salts 
have  temperatures  of  maximum  solubility,  so  that  a 
liquid  saturated  at  a certain  temperature  deposits  the 
salt  on  further  heating,  as  is  the  case  with  many 
sulphates,  notably  that  of  sodium. 
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CHAPTER  II. 

ATO.MIC  WEIGHTS. 

I’liE  in.stmmcnt  of  the  clieiuist,  par  excellence,  is  the 
balance,  and  until  tliis  was  recognised  true  chemistry 
made  little  real  progress.  Xot  hut  that  the  alchemists 
had  weighed  their  components  and  then  their  products, 
hut  that  true  chemists  never  lose  sight  of  any  of  tlie 
products,  hut  endeavour  to  account  at  the  end  of  the 
experiment  for  all  the  matter  which  they  had  at  tlie 
commencement.  One  of  the  earliest  researches  of  this 
kind,  as  rcmarkalde  for  its  clear  and  concise  reasoning 
as  its  simple  and  accurate  experiments,  is  that  puh- 
lished  in  1777,  and  entitled.  Experiments  upon  Mag- 
nesia Alha,  Quicldime,  and  other  Alkaline  S^ibstances, 
by  Joseph  Black,  M.D.,  Professor  of  Chemistry  in  the 
University  of  Edinburgh.  From  this  time  chemistry 
made  rapid  strides.  By  moans  of  the  balance  alone 
could  it  he  proved  that  matter  was  quite  indestructible 
by  any  process  at  our  command  just  as  much  as  it  is 
imcreatablc.  Chemical  compounds  were  shown  to  have  a 
definite  composition,  which  accounted  for  their  constancy 
in  properties,  flatter  does  not  disappear  in  reality, 
although  it  may  seem  to  do  so — as  in  the  case  of  a candle 
burning — for  if  we  collect  the  products  of  the  combus- 
tion by  means  of  solid  caustic  soda,  we  find  that  these 
products  weigh  more  than  the  candle  vliich  has  dis- 
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appeared.  Tlie  increase,  however,  was  again  .sliown  to 
be  at  the  expense  of  the  atmosphere  in  wliich  tlie  candle 
hurnt.  The  brilliant  and  conclusive  experiments  of 
Lavoisier  on  the  relation  of  the  air  to  combustion  aiul 
oxidation,  did  much  to  lay  the  foundations  of  modern 
chemistry  and  gave  a rational  explanation  of  multitudes 
of  undoubted  facts  which  had  been  gathered  together 
by  the  older  experimenters  in  chemistry  and  alchemy. 

Although  carbon  burning  in  oxygen  gives  rise  chiefly 
to  one  gas,  known  now  as  carbon  tlioxide  or  carbonic 
acid  gas,  it  is  possible  to  obtain  another  gas,  carbon 
monoxide  or  carbonic  oxide,  also  containing  only  carbon 
and  oxygon.  These  two  gases  liave  properties  quite 
distinct  from  one  another.  The  first  is  denser  than 
air,  extinguishes  a burning  candle  inserted  into  it,  docs 
not  burn,  renders  lime-water  milky,  while  the  other  is 
a little  lighter  than  air,  and  although  it  extinguishes  a 
lighted  candle  inserted  into  it,  itself  takes  fire  at  its 
surface  exposed  to  the  air ; it  docs  not  turn  lime-waU-r 
milky,  but  the  products  of  its  combustion  do  so. 

The  percentage  comjiosition  of  these  two  gases  was 
represented  respectively  as  27  parts  of  carbon  to  73  of 
oxygen,  and  43  parts  of  cai’bon  to  57  of  oxygen.  Xo 
simple  relation  between  the  two  gases  is  easily  recog- 
nisable when  presented  thus,  but  if  we  consider  how 
much  oxygen  is  combined  with  one  part  of  carbon,  we 
find  in  the  first  1 of  carbon  united  to  2|-  of  oxygen,  and 
in  the  second  1 of  carbon  to  1-’-  of  oxygen.  In  fact,  the 
one  gas  contains  twice  as  much  oxygen  as  the  other 
combined  to  the  same  amount  of  carbon.  Dalton  also 
showed  that  olefiant  gas  or  ethylene  contained  twice  as 
much  carbon  united  to  the  same  quantity  of  hydrogen 
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as  in  marsh  gas.  The  explanation  which  he  gave  of 
these  facts  Avas  a revival  of  the  atomic  theory  of  the 
Greek  philoso})hers,  based  now  on  experiment  and  not 
on  speculation.  Every  atom  of^  any  one  element  Avas 
supposed  to  bo  identical  in  all  respects,  but  to  differ 
from  those  of  all  other  elements  especially  in  its  mass. 
Dalton  said  that  carbon  dioxide  Avas  formed  by  the 
union  of  one  particle  of  carbon  Avith  tAvo  pirticles  of 
oxygen,  and  that  carbon  monoxide  similarly  consisted 
of  one  particle  of  carbon  attached  to  only  one  of  oxygen. 
Marsh  gas  he  rei)resented  as  tAvo  of  hydrogen  and  one  of 
carbon,  and  olcffant  gas  as  one  of  each. 

E^ot  only  did  Dalton  assume  that  matter  Avas  com- 
jjosed  of  atoms,  and  use  this  hypothesis  to  explain  the 
composition  of  chemical  compounds,  ljut  ho  proceeded 
to  determine  the  relative  masses  of  those  reacting 
particles.  In  an  appendix  to  a paper  read  before  the 
Literary  and  Philosophical  Society  of  Manchester  on 
October  21,  1803,  but  not  published  till  Xovembor  1805, 
he  gave  the  following  table  : — 


Table  of  the  Relative  IRclijlUs  of  the  Ultiuudc  Parlidcs  of 
Gaseous  and  other  Bodies. 


Hydrogen,  . . .1 

Azote,  . . . 4'2 

Carbon,  . . . 4'3 

Ammonia,  . . . 5'2 

O.xygen,  . . . 5'5 

Water,  . . . G'y 

Phosphorus,  . . 7’2 

Phosphuretted  hydrogen,  8 ‘2 
Nitrous  gas,  . . 9’3 

Ether,  . . . 9'6 


Gaseous  oxide  of  carbon,  9 ’8  | 


Nitrous  oxide. 

137 

Sulphur, 

14-4 

Nitric  acid,  . 

15-2 

Sulphuretted  hydrogen,’ 

15-4 

Carbonic  acid. 

15-3 

Alcohol, 

1ST 

Sulphurous  acid,  . 

19-9 

Sulphuric  acid,  . 

25-4 

Carburetted  hydrogen,. 

6-3 

Olefiant  gas. 

5-3 

00 


Dalton’s  notation. 


Dalion  further  introduced  a symbolic  notation,  not 
unlike  that  Avhich  we  use  so  much,  esi^ecially  in  organic 
chemistry.  He  represented — 


Hydrogen,  . . . O 

Oxygen,  . . . O 

Carbon,  . . . O 

Nitrogen  or  Azote,  . © 

Water,  . . . OO 


Olefiant  gas. 

. •© 

Carbon  monoxide, 

. #o 

Ammonia,  . 

. ©o 

Carbon  dioxide,  . 

©•o 

Alarsh  gas,  . 

©•© 

Dalton  was  continually  changing  his  table  of  atomic 
weights  as  first  jxiblished,  as  more  and  more  accurate 
experiments  were  executed.  IS'ot  only,  however,  are  the 
numbers  given  by  Dalton  not  exactly  what  we  now  take 
as  the  atomic  weight,  but  it  is  evident  we  use  multiples 
of  them,  as  in  the  case  of  nitrogen,  where  we  use  approxi- 
mately three  times  his  number,  rej)resenting  ammonia  as 
Is  Ilg,  whereas  he  represented  it  practically  as  NH.  The 
two  represent  the  same  relative  composition,  allowing  for 
the  want  of  accuracy  of  the  older  experiments,  for  © 
should  have  l)cen  equal  to  4‘G,  and  not  to  4'2. 

AVe  must  therefore  inquire  into  the  methods  which 
give  \is  the  most  trustworthy  data  for  the  measurements 
of  the  relative  masses  of  the  ultimate  ]')articles  of  matter 
Avhicli  wo  term  afoms. 

(^hiito  ajiart  from  its  theoretical  bearings,  the  accurate 
determination  of  the  atomic  weiglits  of  all  the  commonly 
occurring  elements  is  one  of  very  great  practical  import- 
ance, since  in  commercial  analysis  of  every  kind  wi> 
determine  the  amount  of  an  element  or  compound  isre- 
sent  in  a mixture  l\y  converting  it,  as  a rule,  into  some 
other  compound  of  a very  definite  nature,  which  can  be 
produced  free  from  the  other  substances  originally  pre- 
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sent.  To  know  the  exact  composition  of  the  new  com- 
pound the  atomic  weights  of  its  constituents  must  be 
known  with  accuracy  as  well  as  those  of  the  substance 
which  is  being  estimated.  Tlieso  atomic  weights  must 
be  all  referred  to  onw  standard  substance  which  ought  to 
be  of  such  a nature  that  all  the  others  can  be  directly 
compared  with  it.  For  this  reason,  undoubtedly,  oxygen 
is  the  substance  best  fitted  for  the  standard.  Still  more 
do  the  philoso[»hical  and  speculative  problems,  such  as  the 
possibility  of  resolving  all  kinds  of  matter  into  that  of 
one  primordial  kind,  and  the  endeavour  to  correlate  the 
physical  and  chemical  properties  of  the  atoms  with  their 
masses,  demand  an  estimation  of  those  masses  with  the 
liighest  accuracy  which  we  can  attain. 

We  have  already  shown  that  the  laws  of  Hoyle  ami 
Charles,  and  consequently  that  of  Avogadro,  arc  only 
true  to  a limited  extent,  and  that  they  are  by  no  means 
mathematically  exact.  “ Is  this  so  with  all  the  laws 
relating  to  chemical  composition  and  constitution  1 ” 
becomes  an  interesting  question. 

One  of  the  first  points  whicli  struck  the  early 
chemists  in  connection  Avith  chemical  compounds  Avas 
that  of  apparent  fixity  of  composition.  iS'ot  only,  hoAA'- 
cver,  in  their  composition,  but  also  a definiteness  in  the 
proportions  in  Avhich  they  decomposed  and  reacted  Avith 
one  another  Avas  likcAvise  ol^servcd.  The  sul)stanccs 
especially  studied  Averc  salts  of  A'arious  kinds.  Ilom- 
berg  seems  to  have  been  the  first  Avho  endeavoured 
to  determine  their  composition  by  saturating  the  various 
bases  Avith  acids.  Tlis  ex})crimcnts,  although  far  from 
accurate  (since  he  used  the  carbonate  and  not  the  base 
itself,  as  Hlack  pointed  out),  are  perhaps  the  earliest 


24 


DEFINITE  NATURE  OF  REACTIONS. 


experiments  in  quantitative  chemistry.  Far  more  accu- 
rate were  the  experiments  and  reasoning  of  "Wenzel, 
wlio  Avas  much  struck  by  tlic  fact  that  Avlien  two 
neutral  salts  mutually  decompose  one  another  the  pro- 
ducts remain  neutral.  He  not  only  explained  this,  hut 
proved  by  experiment  that  his  cxj)lanation  Avas  the  true 
one,  viz.,  that  the  quantities  of  all  the  alkalis  and  alkaline 
earths  required  for  neutralisation  bear  the  same  ratio  for 
each  of  the  acids.  Thus,  if  equal  (piantities  of  any  one 
acid  bo  saturated  respectively  by  9 '75  of  barytes,  G'5  of 
stronti.a,  6 of  potash,  4 of  soda,  3 '5  of  lime,  and  2 '5 
of  magnesia,  then  if  equal  (piantities  of  any  other  acid 
be  taken  and  saturated  in  turn  by  each  of  these  bases, 
the  amounts  reipiired  Avill  be  in  exactly  the  same  ratios. 
Fifteen  years  later  Kichter  published  iiractically  the  same 
vicAvs,  although  his  exjieriments  Avere  not  so  accurate  as 
those  of  "Wenzel,  nor  did  they  attract  any  more  attention 
until  they  fell  under  the  notice  of  llerthollet  and  of  Ber- 
zelius; the  latter  of  Avhom  being  much  struck  Avith  the 
analyses  and  the  reasoning,  undertook  a series  of  exiicri- 
ments  on  the  composition  of  salts  to  test  rigorously  the 
vicAVs  set  forth  by  Kichter.  AVhile  he  Avas  engaged  in  this 
research,  Davy  discovered  the  metallic  constituents  of  the 
alkalis  and  alkaline  earths,  Dalton  enunciated  his  Atomic 
Theory,  and  Gay  Lussac  iniblished  his  LaAv  of  A'olumes. 

Berzelius  improved  the  methods  of  analysis  so  much 
that  very  many  of  his  results  are  quite  equal  to  those  of 
the  iiresent  day,  and  it  is  to  him  that  avc  are  indebted 
for  the  first  really  accurate  determinations  of  atomic 
Aveights. 

The  first  determinations  of  this  kind  Averc  more 
strictly  termed  “ combining  Aveights,”  or  equivalent 
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weights,  that  is,  the  amount  which  will  combine  with 
or  replace  unit  weight  of  some  selected  standard  sub- 
stance, usually  oxygen  or  hydrogen. 

Dalton  adopted  hydrogen  as  his  standard,  and  it  is 
still  the  usual  unit  adopted.  Berzelius  took  as  his  stan- 
dard substance,  oxygen,  making  0 = 100.  In  many 
books  we  lind  atomic  weights  referred  both  to  oxygen 
and  to  hydrogen,  those  referred  to  the  latter  unit  being 
nearhj  16  times  those  referred  to  the  former.  The  lirst 
stc])  in  every  case  is  to  determine  with  great  accuracy 
the  equivalent  of  the  clement  which  is  the  cpiantity 
required  to  combine  with  or  replace  one  part  by  weight 
of  hydrogen  (or  8 parts  of  oxygen).  The  C(iiuYalent 
depends  on  no  atomic  theory,  and  its  use  is  .still 
adhered  to  by  some  chemists,  especially  in  France. 

But  we  may  have  an  element  combining  with  hydrogen 
or  ■with  oxygon  in  more  than  one  proportion,  as  we  ha\'c 
already  seen  Avith  regard  to  carbon.  In  marsh  gas  avc 
have  3 parts  of  carbon  combined  with  1 part  of  hydrogen, 
and  in  olefiant  gas  Ave  liaA'c  6 parts  of  carbon  combined 
Avith  1 part  of  hydrogen.  Again,  in  carbon  dioxide  avc 
have  3 parts  of  carbon  combined  Avith  8 parts  of  oxygen, 
and  in  carbon  monoxide  6 parts  of  carbon  Avith  8 parts 
of  oxygen.  AVe  have  to  decide  then  betAvecn  3 and  6 
as  equivalents,  and  it  may  be  that  neither  of  them  Avill 
be  eventually  adopted  as  the  atomic  Aveight.  That 
number  is  either  the  equivalent  itself  or  some  multiple 
of  it. 

AVc  Avill,  before  proceeding  further,  take  some  other 
cxam])les  of  equivalents. 

In  hydrochloric  acid  Ave  have  1 part  of  hydrogen 
united  Avith  351  parts  of  chlorine. 
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. * . The  equivalent  of  clilorine  is  35 ‘5. 

In  nine  parts  of  water  Ave  liave  1 part  of  hydrogen 
united  to  8 parts  of  oxygen. 

. • . The  ecpnvalent  of  oxygen  is  8. 

In  seventeen  parts  of  aininonia  avo  have  3 parts  of 
hydrogen  united  Avith  14  parts  of  nitrogen. 

. • . Tlie  equivalent  of  nitrogen  is  4‘G. 

In  tAventy-tAvo  parts  of  nitrous  oxide  Ave  have  8 parts 
of  oxygon  united  to  14  of  nitrogen. 

. •.  The  equivalent  of  nitrogen  is  14. 

In  thirteen  parts  of  henzene  aa'o  luiA'e  1 ])art  of  hydro- 
gen united  to  12  parts  of  carbon. 

. • . The  equivalent  of  carbon  is  1 2. 

AVc  have  already  seen  that  it  is  3 and  6 in  other  com- 
pounds. 

In  127  parts  of  ferrous  chloride  avc  have  5G  jvarts  of 
iron  united  to  71  parts  of  chlorine. 

. • . The  equhvalent  of  iron  is  28. 

In  325  parts  of  ferric  chloride  Ave  have  112  [)arts  of 
iron  united  to  213  parts  of  chlorine. 

. • . The  equivalent  of  iron  is  18'G. 

It  is  <piite  apparent,  then,  that  Ave  may  have  many 
ccpiivalents  for  one  and  the  same  element,  but  Ave  can 
only  have  one  atomic  Aveight  if  the  ultimate  particles 
AA’liich  Ave  call  atoms  be  a reality. 

We  may  define  an  atom  /o  he  the  ■■<inaUei^f  qiianiifi/  of 
an  element  lehieli  exists  in  a inohrnle  of  any  of  its 
compounds. 

Koav,  by  Avogadro's  huA',  as  pointed  out  (page  3),  Ave 
can  readily  determine  the  relative  masses  of  the  mole- 
cules of  all  compounds  and  elements  Avhich  can  be  made 
to  assume  the  gaseous  condition  Avithout  undergoing 
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decomposition.  The  densities  of  the  vapours  are  exactly 
proportional  to  the  molecular  Aveights. 

The  methods  of  determining  vapour  densities  may  be 
divided  into  tAvo  classes  ; — I.  Those  iti  tvhich  ice  measure 
the  volume  of  vapour  given  hij  a quantity  of  substance 
previously  weighed.  II.  Those  in  which  we  weigh  the 
amount  of  s-ubsfance  in  a qmeviously  fixed  volume. 

To  the  former  class  belong  the  methods  of  Gay 
Lussac,  Hofmann,  and  Victor  IMeycr,  and  to  the  latter 
that  of  Dumas.  The  advantage  of  Ifofinann’s  method 
is  that  it  is  done  under  diminished  pressure,  giving  thus 
a larger  volume  and  rc([uiring  a loAver  temperature 
than  if  done  under  atmospheric  pressure.  V.  Meyer’s 
method,  hoAvever,  is  l)y  far  the-  most  convenient  for 
chemical  purposes,  as  avc  may  aisc  it  up  to  any  tempera- 
ture that  our  vessels  Avill  stand,  and  the  only  tempera- 
ture AA'e  re(|UiTe  to  determine  is  that  of  the  evolved  gas 
when  measured. 

For  experimental  details,  hooks  on  }ihysics  and  ex- 
perimental chemistry  must  be  consulted. 

AVe  have  noAv  to  determine  the  relation  between  the 
atom  and  the  molecule  of  hydrogen. 

At  0°  C.  and  at  760  mm.  pressure  a litre  of  hydrogen 
weighs  ‘0898  grni.,  and  a litre  of  hydrochloric  acid, 
l'G333  gi’in.  A molecule  of  hydrochloric  acid  must  then 


Aveigh 


16333 

898 


hydrogen. 


= 18T88  times  as  much  as  a molecule  of 


18T88  parts  by  Aveight  of  hydrochloric  acid  Avhen 
analysed  are  found  to  consist  of  '5  of  hydrogen  united 
to  17'688  of  chlorine. 

Therefore  the  amount  containing  unit  Aveight  of 
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hydrogen  must  be  twice  this  or  36’376,  Asdiich  is  the 
smallest  number  wo  can  adopt  for  the  molecular  Aveight 
of  hydrochloric  acid,  and  as  its  molecule  is  18’188 
times  as  dense  as  that  of  hydrogen  the  molecular  Aveight 


of  hydrogen  must  be 


36-370 
18- 188 


2 Avhen  its  atom  is  1. 


The  same  conclusion  is  arrived  at  l>y  considering  the 
synthesis  of  hydrochloric  acid  from  its  elements.  1 
litre  of  hydrogen  unites  Avith  1 litre  of  chlorine  to 
form  2 litres  of  hydrochloric  acitl.  Let  us  assume 
that  Ave  arc  Avorking  under  such  conditioiis  of  tem- 
perature and  pressure  that  the  number  of  molecules  in 
a litre  is  exactly  one  million,  then  it  folloAvs  that  one 
million  of  hydrogen  molecules  unite  Avith  one  million 
of  chlorine  molecules  to  form  tAvo  millions  of  those 
of  hydrochloric  acid,  every  one  of  Avhieh  contains 
both  hydrogen  and  chlorine — that  is,  one  million  of 
hydrogen  molecules  gives  rise  to  tAvo  millions  of  mole- 
cules of  hydrochloi'ic  acid,  each  of  Avhich  conUiins 
hydrogen  and  chlorine,  and  at  least  an  atom  of  each. 
A molecule  of  hydrogen  must  then  be  divisible  into 
tAvo  parts,  and  therefore  must  contain  at  least  Iavu 
atoms.  Similarly,  it  is  clear  that  the  chlorine  molecidc 
must  contain  tAvo  atoms. 

AVc  have  no  reason  for  supposing  any  more  complex 
constitution  for  the  molecule  than  the  above  ; indeed, 
many  other  facts  point  to  2 as  being  the  most  likely 
number  of  atoms  in  the  molecule.  The  density  of 
0 hydrogen  being  1,  and  its  molecular  Avcight  2,  and 
the  densities  of  gases  being  proportional  to  the  masses 
of  their  molecules,  Ave  see  why  it  is  that  the  molecular 
Aveight  is  ahvays  c(pial  to  the  vapour  density  (referred 
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to  hydrogen  as  unity)  multiplied  by  2.  If  we  have 
the  specific  gravity  of  the  gas  or  vapour  referred  to 
air,  wo  must  multiply  liy  14'4  x 2 (the  density  of 
air  referred  to  hydrogen  being  14'4).  Hence,  for  all 
those  elements  whose  molecules  consist  of  two  atoms, 
the  vapour  density  is  represented  by  the  same  number 
as  the  atomic  weight. 

At  high  temperatures  many  of  the  molecules  of  the 
elements  are  more  or  less  broken  up  into  the  individual 
atoms. 

The  molecule  of  sulphur  at  comparatively  low  tempera- 
tures, as  500“  C.,  consists  of  six  atoms.  Its  vapour  den- 
sity referred  to  hydrogen  is  96,  therefore  its  molecular 
weight  is  192.  But  hydrosulphuric  acid  has  a density 
of  1 7,  and  therefore  a^molecular  weight  of  34.  34  parts 

contain  32  parts  of  sulphur  united  to  2 of  hydrogen, 
therefore  the  atomic  weight  of  sulphur  cannot  exceed  32, 
whence  the  molecule  of  sulphur  at  500“  C.  must  contain 
192  , 

at  least  = G atoms. 

Similarly,  on  raising  its  vapour  to  much  higher  tem- 
peratures, it  undergoes  enormous  expansion,  and  about 
1200“  C.  its  vapour  is  only  32  times  the  density  of  hydro- 
gen at  the  same  temperature  and  pre.ssure  ; its  molecidar 
weight  is  then  only  64,  and  the  molecule  consists  of 
two  atoms.  Mercury  vapour  has  a density  of  100,  and 
hence  its  molecular  weight  must  be  200,  but  the  mole- 
cules of  all  mercury  compounds  contain  at  least  200 
parts  of  mercury  ; therefore  here  we  have  the  atom  and 
the  molecule  the  same. 

Phosphorus  at  comparatively  low  temperatures  has  a 
vapour  density  of  62  and  molecular  weight  of  124.  Its 
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atomic  Aveiglit  is  not  more  than  31,  for  phosphiiretted 
hydrogen  has  a density  of  17  and  molecular  weiglit  of 
34,  34  parts  hy  weiglit  containing  3 ]>arts  of  hydrogen 
and  31  of  pliospliorus.  Its  molecule,  therefore,  contains 
four  atoms, although  at  high  tempei'atures,  about  1C00°C'., 
it  seems,  according  to  Meyer  and  liiltz,  to  have  only  two. 

If,  however,  we  have  no  compound  of  an  element 
which  can  he  volatilised  without  decomiiosithm,  we 
must  fall  hack  on  some  other  method  of  deciding  what 
multi})le,  of  the  equivalent  is  to  1k'  adopted  Jis  the 
atomic  weight.  Dulong  and  I’etit  discovered  that 
elements  of  which  the  atcmiic  weiLrht  was  hi<di  had 
a correspondingly  low  sjiecific  heat,  and  that  the  one 
was  inversely  proportional  to  the  other  to  a fair  degree 
of  accuracy.  In  other  words,  the  product  of  the  atomic 
weight  and  the  specific  heat  yielded  a constant  numher. 
Or  as  they  expressed  it,  “ the  capacity  for  heat  was 
the  same  for  the  atoms  of  all  the  elements.” 

This  constant  }»roduct  is  ahout  G'4. 

The  equivalent  of  zinc  is  32 ’5;  its  atomic  weight  is 
then  either  32 'r).  Go,  97 'o,  or  130  : its  speciiic  heat  is 
0-931. 

3-2 -ax  -0931  = 3 -02 
65  X '0931  = 6'05 
97-5  X -0931  = 9-08 

G5  is  therefore  the  numher  to  ho  taken  as  the  atomic 
weight. 

Again,  potassium  has  an  equivalent  of  39,  and  a 
sjiecific  heat  of  -IGo.o. 

39  X -1655  = 6-45 

whence  39  is  evidently  the  atomic  weight. 
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Before  considering  the  cliief  methods  ^vllich  Imve 
been  adopted  for  the  determination  of  the  atomic 
weights  of  several  of  the  commoner  and  more  important 
elements,  we  must  refer  to  a rcmarkahle  paper,  published 
in  1815,  entitled,  “On  the  Relation  between  the  Specific 
Gravities  of  Bodies  in  their  Gaseous  State  and  the 
Weights  of  their  Atoms,”  by  Dr  William  Prout,  for  it  is 
due  to  it  in  no  small  degi-ee,  and  to  the  controversies 
which  have  arisen  from  it,  that  we  owe  many  masterpieces 
of  experimental  work.  Wo  have  already  seen  what  the 
relation  is  which  exists  between  the  atomic  weight  and  the 
vapour  density  of  some  of  tlio  elements;  but  what  Prout 
especially  pointed  out,  and  what  has  given  rise  to  so  mucli 
research  is,  that  in  the  table  which  he  gave  of  the  atomic 
weights  of  fourteen  elements,  every  one  may  be  regarded 
as  a multiple  of  that  of  hydrogen  by  a Avhole  number. 
'Wlien  more  accurate  experiments  were  made,  however, 
it  was  proved  that  this  would  not  hold  in  every  case, 
especially  that  of  chlorine,  which  is  almost  exactly  35. ’r 
times  that  of  hydrogen.  Prout’s  law,  as  it  was  called, 
originally  ran  thus  : — The  atomic  weights  of  all  the 
elements  are  multiples  of  that  of  hydrogen.  As  circum- 
stances arose  which  proved  conclusively  that  this  was 
untenable,  Dumas  modified  it  so  that  half  and  quarter 
multiples  of  the  atomic  weight  of  hydrogen  were  recog- 
nised. There  is  at  present  such  a strong  array  of  facts 
against  it  that  it  is  in  no  sense  a law,  although  much 
may  be  said  in  favour  of  some  modification  of  it,  such 
as  the  part  of  the  atomic  weight  of  oxygon  being  sub- 
stituted for  the  atomic  weight  of  liydrogen.  We  shall  be 
more  in  a position  to  realise  this  when  we  have  considered 
the  determinations  of  the  atomic  weights  themselves. 
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The  famous  I’cscarches  of  Professor  J.  8.  Stas  of 
]>russels,  entitled,  Nouvelles  Recherches  sur  les  lois  des 
proportions  chimiques,  sur  les  poids  atomiques  et  leurs 
rapports  mufuels,  were  carried  out  with  tlie  view  of 
settling  definitely  I’rout’s  hypothesis ; and  no  better 
idea  can  he  obtained  of  how  atomic  weights  are  derived 
from,  and  compared  with,  a standard  substance,  than  liy 
considering  very  briefly  some  points  of  his  work. 

The  first  point  to  jirove  was  clearly  that  a chemical 
compound,  from  Avhatever  sources  and  however  pre- 
pared, had  the  same  composition  ; and,  further,  to  deter- 
mine the  degree  of  accuracy  to  Avhich  this  would  hold. 
If  pure  chemical  substances  had  not  an  absolutely 
identical  composition,  the  atomic  theory  could  hardly 
stand  unless  we  assumed  large  and  small  atoms  of  the 
same  kind,  and  then  Front’s  hypothesis  might  hold  for 
some  and  not  for  others. 

To  test  this,  pure  silver  was  prepared  in  various  ways, 
and  its  purity  tested  by  means  of  the  same  sample  of 
sodium  chloride,  by  determining  the  amount  required 
to  precipitate  completely  10  grams  of  the  silver.  Silver 
distilled  by  the  oxyhydrogen  blow-pipe  was  found  to  bo 
the  purest,  and  was  taken  as  the  standard  ; several 
other  processes,  however,  yielded  it  of  a purity  equal  to 
99‘999  and  99'998  per  cent. 

The  pure  silver  was  now  used  to  determine  whether 
the  amount  of  the  chlorine  in  ammonium  chloride  pre- 
pared by  totally  different  methods  was  constant.  The 
ammonia  required  was  prepared  from  (a)  ammonium 
chloride  purified  from  compound  ammonias  and  other 
organic  bodies,  by  boiling  it  with  nitric  acid ; (b)  from 
ammonium  sulphate,  heated  to  a high  temperature  with 
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strong  sulplmric  acid ; (c)  l>y  reducing  potassium  nitrite 
by  means  of  zinc  and  potassium  hydrate.  In  each  case 
the  ammonia  was  passed  into  pure  water,  and  saturated 
with  i)ure  hydrochloric  acid  gas,  evaporated  down  and 
sublimed  in  an  atmosphere  of  ammonia  at  the  atmos- 
pheric pressure.  A fourth  sani})le  was  sublimed  in 
vacuo.  Some  of  the  determinations  were  carried  out  at 
ordinary  temperatures,  and  some  at  100°  C. 

Twelve  determinations  showed  that  lOO'OOO  parts 
of  silver,  dissolved  in  nitric  acid,  required  from  49 ‘592 
to  49 '602  parts  of  ammonium  chloride  for  complete 
precipitation. 


The  numbers 

are — 

Series  I. 

Series  II. 

Series  III. 

Series  IV. 

49-600 

49-598 

49-5974 

49-598 

49-599 

49-597 

49-602 

46-592 

49-598 

49-593 

49-597 

49-597 

It  is  quite  apparent,  then,  that  ammonium  chloride, 
however  prepared,  has  a composition  absolutely  constant 
within  the  limits  of  experimental  error. 

Again,  it  is  not  impossible,  that  although  the  propor- 
tions existing  between  the  elements  in  a compound 
might  be  perfectly  definite,  yet  they  might  not  be  exactly 
the  saniS  in  another  compound.  If  we  take  a series 
of  potassium  salts,  as  the  chloride  KCl,  hypochlorite 
KCIO,  chlorite  KClOo,  chlorate  KCIO3,  and  perchlorate 
KCIO4,  it  is  quite  possible  that  careful  investigation 
might  reveal  some  modifying  influence  exerted  by  the 
oxygen  on  the  relative  proportions  of  the  potassium  and 
chlorine.  To  test  this,  8tas  pre^mred  in  various  ways 
silver  chlorate,  broniate,  and  iodate,  and  by  means  of 
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sulphurous  acid  reduced  tliem  com})letely  to  the  state  of 
chloride,  hromide,  and  iodide,  and  proved  that  tliere 
was  not  a trace  either  of  the  halogen  or  of  tlie  silver  in 
excess  after  the  reduction.  That  is,  then,  that  the  ratio 
in  which  silver  and  iodine  coinhine  together  to  form  tlie 
iodide  is  exactly  the  same  for  the  iodate  ; and  that  the 
large  amount  of  oxygen  present  in  the  latter  com})Ound 
has  absolutely  no  effect  on  that  ratio. 

He  concludes  Part  I.  of  the  Nuamlles  Becherches 
thus  ; — “ Under  the  influence  of  sulphurous  acid,  the 
iodate,  hromate,  and  chlorate  of  silver  can  then  bo 
brought  to  the  condition  of  iodide,  bromide,  and 
chloride  without  any  fraction,  however  small,  of  iodine, 
bromine,  chlorine,  or  silver,  becoming  free.  The  uniform 
agi'eement  of  the  results  ol)served  in  the  transformation 
of  these  three  ternary  compounds  into  the  state  of 
binary  compounds  demonstrates  the  invariability  of  the 
proportions  by  weight  of  the  elements  of  which  they 
are  composed.  I have  likewise  proved  the  constancy  of 
composition  of  one  of  these  binary  bodies,  in  so  far  as 
this  proof  required  to  be  given.  Tt  follows  necessarily, 
from  the  combination  of  these  two  series  of  facts, 
that  bodies  unite  in  proportions  which  are  absolutely 
fixed  and  invariable,  that  these  proportions  are  real 
constants,  and  that  the  laws  of  chemical  proportions 
which  have  served  as  the  experimental  l)asis  of  the 
atomic  hypothesis  are  mathematical  laws,  as  chemists 
have  admitted  them  to  be  for  more  than  half 
a century.  The  legitimate  consequence  Avhich  I am 
equally  entitled  to  deduce  from  this  is,  then,  that 
compounds  produced  under  the  normal  condition  of 
their  formation  ought  necessarily  to  contain  their  simple 
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elements  in  the  absolute  proportions  of  these  con- 
stants.” 

Having  proved  conclusively  that  the  proi)ortion  of 
iodine  to  silver  was  exactly  the  same  in  both  the  iodide 
and  the  iodate,  it  was  comparatively  easy  to  determine 
the  relative  ratios  of  the  atomic  weights  of  silver,  iodine, 
and  oxygen. 

To  determine  the  composition  of  silver  iodide  was  the 
first  step,  when  it  was  found,  by  precipitating  silver  dis- 
solved in  nitric  acid  with  hydriodic  acid,  that — 

I.  97’5915  grains  of  silver  yielded  212 '2905  of  silver  iodide. 

II.  43'.^)255  ,,  ,,  93-6984 

whence  from 

Experiment  I.  100-000  parts  of  silver  yield  217-529  of  the  iodide. 
II.  ,,  ,,  ,,  217-536  ,, 

Mean,  . . . 217-5325 

By  combining  silver  directly  with  iodine,  he  found  that 
96-7964  grams  of  iodine  combined  with  82-3601  of 
silver  = 179-1565  of  silver  iodide,  which,  when  collected, 
was  found  to  weigh  179-1590  grams,  whence  100-000 
of  silver  gave  217-5300  of  the  iodide. 

Having  thus  determined  the  composition  of  the  iodide 
with  great  accuracy,  the  iodate  was  analysed  completely. 
98-275  grams  were  heated  and  left  81-5925  of  the 
iodide,  giving  off  16-6825  of  oxygen,  which  was  col- 
lected by  being  passed  over  red-hot  copper  and  weighed 
as  oxide. 

This  gives  a percentage  composition  of 

Silver  iodide,  ....  83-024 

Oxygen,  .....  16-976 

As.suming  then  that  in  the  iodate  there  are  three 
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:ito)u.s  of  oxygen  in  a molecule  of  the  iodate  (which  we 
infer  from  its  analogy  with  the  chlorine  salts,  t^'c.),  "we 
get  the  equivalent  of  the  iodate  hy  calculating  how  much 
of  it  contains  10x3  = 48  parts  hy  weight  of  oxygen 
(taking  10  as  the  atomic  weight  of  oxygen).  This  gives 
us 

282-753  for  AglO.. 

/107-916  for  Ag 
234-/ 53  lor  AglC^^.^g.gg-  j 

48  i'or  Oy 


The  mean  of  a large  nuniher  of  experiments  gave 


107-928  for  the  atomic  weiglit  of  silver 
126-857  ,,  ,,  iodine 


I wlien  0 = 16. 


Experiments  carried  out  in  the  same  way  with  the 
hrornate  gave 

107-921  for  the  atomic  weight  of  silver 
79-94  ,,  ,,  bromine 


and  Avith  the  chlorate 


107-937  for  the  atomic  weight  of  silver 
35-458  ,,  ,,  chlorine. 


!Now,  the  nitrate  (AgXt)^)  has  a similar  formida  to 
that  of  the  chlorate  (AgClOg),  and  if  we  can  find  the 
difference  in  their  equivalents,  Ave  Avill  obtain  the 
difference  hetAveen  the  atomic  Aveight  of  chlorine 
and  that  of  nitrogen ; Irut  Ave  know  that  of  chlorine, 
hence  Ave  get  that  of  nitrogen.  Further,  hy  Iroiling 
a chloride  such  as  that  of  potassium  Avith  nitric 
acid,  Avith  suitahle  ju'ccautions  Ave  can  expel  the 
Avhole  of  the  chlorine  and  obtain  the  nitrate  instead. 
Here  Ave  get  then  a gain  due  the  difference  betAveen  the 
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0(|iuvalents  of  the  groups  (XO^)  and  (Cl),  hut  to  utilise 
this  we  must  know  the  equivalent  of  the  metal  with 
\vhich  these  groups  are  comhined. 

In  determining  the  nitrate  produced  from  a given 
weight  of  silver,  Stas  found  1.36’2952  grams  of  silver 
gave  214'G600  grams  of  the  nitrate,  or  lOO'OOO  of  silver 
gave  (as  a mean  of  many  determinations)  1.57  *484  grams 
of  the  nitrate. 

Taking  the  atomic  weight  of  silver  as  107’93,  we  get 
169'972  as  the  molecular  weight  of  the  nitrate;  that 
of  the  silver  and  the  oxygen  it  contains  is  107‘93  + 
48  = 155’93,  leaving  for  the  atomic  Aveight  of  nitrogen 
14-042. 

KnoAving  the  atomic  Aveights  of  the  halogens,  Ave 
readily  determine  the  equivalents  of  the  metals  from 
their  haloid  salts.  The  bromides  are  the  best  for  this 
purpose,  because  of  the  accuracy  Avith  Avhich  Ave  may 
determine  the  exact  equivalence  to  silver. 

To  determine,  for  example,  the  atomic  Aveight  of 
potassium,  25-1143  grams  of  pure  potassium  bromide 
Avere  added  to  22-792  grams  of  silver  dissolved  in  nitric 
acid.  After  precipitation,  -031  of  silver  remained  in 
solution,  Avhence  it  folloAvs  that  25-1143  grams  of 
potassium  bromide  are  equh-alcnt  to  (22-792  — -031)  = 
22-761  of  silver. 

If  Ag=  107-93,  then 

,,,,  25-1143 

kBi-=  X 107-93  = 119-088 

llr=  79-955 
K = 39-133 

Similarly,  for  sodium,  Na=  23-04 
and  litliium,  bi  = 7-02 
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Penny’s  process,  Ave  find  that  Ave  gain  per 
eqiiiA^alent  for  tlie  cliange  (as  a mean) 


KCl  to  KNO3  . 
NaCl  „ NaNOy  . 
LiCl  ,,  LiNOa  . 
AgCl  „ AgN03  • 


26-586 

26-591 

26-589 

26-587 


Mean  value 
Cl  . 


26-588 

35-457 


E(|uivalcnt  of  nitrate  = metal + 62 '045 
O3  . . 48 


. - . Atomic  Aveight  of  nitrogen  = 14-045 

Another  clement  requiring  s})ecial  notice  is  carbon. 
.Dumas  and  Stas  in  1841  found  tliat,  in  5 experiments, 
a total  Aveight  of  5-398  grams  of  diamond,  Avhen  burnt 
in  oxygen,  gave  19-789  grams  of  carbon  dioxide. 


Giving  a ratio  of  C : COo  : : 5-398  : 19 '789  = 1 : 3-666 


Por  graphite  they  found  in  9 experiments  that  10-794 
grams  gave  39-588  grams  of  carbon  dioxide,  or  C : CO., 
: : 1 : 3'668— 

Whence  for  diamond  C = 12'0032 
,,  graphite  C = 11 '9936 

Erdmann  and  Marchand  found  Avith  diamond  C = l'2'0032 
,,  ,,  graphite  C = 12-0128  ; 

Roscoe,  Avith  diamonds  from  the  Cape  of 
Good  Hope C = 12-00288 

Stas  checked  these  values  l)y  another  ingenious  and 
simple  method,  viz.,  passing  carefully  purified  carbon 
monoxide  over  rcd-liot  copper  oxide,  and  Avcighing  the 
dioxide  })roduced  as  Avell  as  the  loss  of  oxygen  of  the 
copper  oxide. 

In  one  experiment  his  absor])tion  apparatus  gained 
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31 '935  grams,  due  to  carbon  dioxide  ; for  tlie  forma- 
tion of  this  11 ’6 124  grams  of  oxygen  "were  required. 

. •.  31  '935  - 11  •612-1  = 20 '3226  = weight  of  carbon  monoxide, 
11‘6124=  ,,  oxygen  in  it, 

•20-3-226- 11-6124=  8-7102=  ,,  carbon  in  it, 

as  there  is  as  much  oxygen  in  the  monoxide  as  was 
ro(|uired  to  convert  it  into  the  dioxide ; therefore 

0 :C  : : ll'61-24  : 8'7102  : 16  : .-r=12-001. 

AVe  must  next  consider  what  is  in  many  respects  tlie 
most  important  ratio  of  all,  but  whicli,  because  of  its 
gi’cat  experimental  difficulties,  is  far  from  being  settled 
even  now,  in  si)itc  of  the  numerous  researches  on  the 
subject.  This  is  the  ratio  of  the  atomic  weight  of 
hydrogen  to  that  of  oxygen. 

The  two  classical  researches  on  this  subject  are  those 
of  Dumas  and  of  Erdmann  and  Marchand,  who  deter- 
mined the  composition  of  water  by  passing  pure 
hydrogen  over  copper  oxide  at  a red  heat,  and  collect- 
i]ig  the  Avater  produced.  Dumas  in  19  experiments 
collected  no  less  than  945-439  grams  of  Avater,  for 
Avhich  he  found  840-161  grams  of  oxygen  Avere  removed 
from  the  copper  oxide,  and  hence  the  hydrogen  AA-as 
945-439  - 840-161  = 105-278,  and  hence 

H.,:  0:105-278:840-161 

and 

II:0::1  :1596 

His  maximum  value  Avas  16-03,  and  his  minimum 
15‘90.  Erdmann  and  Marchand  in  8 experiments 
found  429-352  grams  of  oxygen  Avere  required  for 
483-137  of  AA'ater,  and  deduced  exactly  the  same  value, 
15-96  for  0.  It  is  obvious  that  this  process  is  A^ery 
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lial)lo  to  serious  error,  since  any  error  is  tlirown  on  to  tlie 
hydrogen,  and  then  tliis  relatively  small  numher,  being 
divided  into  the  large  one,  a small  error  for  the  hydro- 
gen Ijecomes  a large  one  in  the  oxA'gen  value. 

To  oh^'iate  this,  Cooke  and  Kichards  Aveighed  the 
hydrogen  in  a large  glass  flask,  which,  being  weighed  first 
empty,  then  filled  with  hydrogen,  the  increase  in  Aveight 
gave  the  hydrogen  Avhich  Avas  converted  into  Avater  by 
means  of  copper  oxide.  They  found  that  in  16 
experiments  made  in  three  series  Avith  hydrogen  froni 
different  sources,  that  6‘7029  grams  of  hydrogen  yielded 
GOT 687  grams  of  Awater.  The  values  of  the  atomic 
Aveight  of  oxygen  from  the  three  scries  Avere  re.spectively 
15’952,  15'953,  and  15‘954.  Lord  Kayleigh  pointed 
out,  hoAvever,  that  he  had  detected  an  error  in  Keg- 
nault’s  method  of  Aveighing  gases  due  to  the  shrinking 
of  the  glass  Amssels  on  exhaustion.  The  correction  for 
this  being  applied,  changed  the  value  above  found  for 
the  atomic  Aveight  of  oxj'gen  to  15'869  times  that 
of  hydrogen.  Reiser  Aveighed  hydrogen  occluded  in 
palladium,  from  A\diich  it  Avas  expelled  by  heat  and 
driven  OAmr  copper  oxide.  He  obtained  58'8626  grams 
of  AAaater  from  6'5588  grams  of -hydrogen  in  10  exj)eri- 
ments,  and  deduces  the  value  11  : 0 ; : 1 : 1 5*949. 

If  Ave  knoAV  the  ratio  of  the  A*olumes  in  Avhich  the  tAvo 
gases  combine,  and  likcAvise  their  relative  densities,  Ave 
may  determine  from  these  data  the  relative  atomic 
Aveights. 

Regnault  determined  the  densities  of  hydrogen  and 
oxygen  Avith  great  accuracy,  and  by  a]i]dying  the  cor- 
rection shoAvn  by  Lord  Rayleigh  to  be  necessary  for 
shrinkage.  Crafts  finds  he  densities  are  (air  - 1)  -06949 
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for  hydrogen  and  1 ■10562  for  oxygen,  giving  a relative 
density  of  1 ; 15-91. 

Lord  Rayleigh’s  determination  of  the  relative  density 
gave  15 '884. 

From  the  most  recent  experiments  of  the  anthor,  the 
ratio  of  the  comhining  volnme.s  is  2 '0024  : 1,  hence  the 
valne  deduced  from  Regnanlt’s  experiments  gives  15 '89, 
and  from  Lord  Rayleigh’s  15 '865. 

It  is  evident,  then,  that  as  onr  most  important  and 
most  exactly  determined  atomic  weights  are  based  on 
that  of  oxygen  directly,  that  of  hydrogen  is  eminently 
nnfitted  to  be  the  unit,  and  that  Jg-  of  that  of  oxygen 
has  no  disadvantage  exce})t  a purely  fancifnl  one. 
Further,  so  many  of  the  elements  may  be  represented 
as  whole  numbers,  if  ^yo  take  0 = 16,  that  calculations 
of  all  kinds  will  be  much  simplified,  with  no  loss 
of  accuracy, 

A fcAv  examples  are  given  l>eloAv,  which  illustrate  the 
chief  methods  adopted  in  determining  atomic  weights. 

Aluminum i.—'Slixllet  found — I.  From  the  ignition  of 
ammonia  alum,  that  it  contained  1L2724  to  1L2793 
per  cent,  of  alumina. 

II.  From  the  ratio  l)etween  aluminium  bromide  and 
the  silver  required  to  combine  with  the  bromide,  100 
parts  of  .silver  are  equivalent  to  82 '455  of  the  bromide. 

III.  From  the  amount  of  hydrogen  evolved  in  alkaline 
solution  from  the  metal,  3 '3520  grams  of  the  metal  gave 
4161 '6  c.cms.  of  gas=  '37242  OTams. 

o o 

IV.  From  the  conversion  of  the  evolved  hydrogen 
into  Avater  and  Aveighing  it,  10‘3691  grams  of  aluminium 
gave  10’3515  grams  of  water. 
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Antimony. — Sclineider  reduced  antimony  tri.sulphide  to 
antimony,  and  found  that  28‘52  per  cent,  of  suli)liur  was 
contained  in  the  sulijhide. 

Cooke  reversed  the  process,  and  from  antimony  formed 
the  trisulpliide,  and  in  this  way  obtained  as  his  result 
that  the  sulpliide  contained  28’5182  })er  cent,  of  sulphur. 
Cooke  also  determined  the  amount  of  silver  bromide 
formed  l>y  double  decomposition  between  antimony  tri- 
bromide  and  silver  nitrate.  63 ’83  jiarts  of  antimony 
tri-hromide  gave  100  parts  of  silver  bromide.  The  iodide 
was  similarly  employed. 

Boron. — llerzelius,  and  also  liaurent,  determined  the 
atomic  weight  from  the  amount  of  water  in  crystallised 
borax,  Avhich  contained  as  a mean  47 ’13  per  cent,  of 
water. 

Calcium. — Dumas,  as  well  as  Erdmann  and  i\Iarchand, 
employed  the  loss  of  weight  which  calcium  carbonate 
undergoes  on  ignition,  and  which  gives  the  ratio  CaC03  : 
CaO,  or  CaCOg  : CO^.  As  a mean,  1 00  parts  of  calcium 
carbonate  give  56’02  of  lime. 

Copjicr. — AV.  N.  Shaw,  by  passing  a galvanic  current 
through  two  solutions,  one  of  co}iper  and  the  other  of 
silver,  from  the  amounts  of  the  metals  deposited,  detei’- 

Oil 

mined  their  relative  atomic  weights,  ^ : Ag  being  the 

Ji 

ratio  obtained.- 

Fluorine. — Although  this  element  has  only  recently 
been  obtained  in  the  free  state,  its  atomic  weight  lias 
long  been  known  and  determined  by  one  method,  viz., 
the  conversion  of  calcium  lluoridc  into  suljihatc  by  means 
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of  sulpliiu'ic  acid,  from  Avliich  Ave  get  tlic  ratio  CaFo  • 
Ca80^  : : 100  : 174-493. 

Maijnesium. — The  chief  method  adopted  for  this  lias 
been  the  conversion  of  the  oxide  into  the  sulphate. 
Dumas  used  his  favourite  process  of  double  decomposi- 
tion Avith  silver  nitrate,  Avhich  in  this  case,  as  in  so  many, 
has  proved  unsatisfactory,  from  the  difficulty  of  obtain- 
ing chloride  free  from  oxide.  iNIarignac  used  both  the 
ratio  MgO  : !Mg80^  and  the  reverse  j\lg804  ; MgO. 

Manganese. — Hauer  converted  the  sulphate  into  sul- 
phide by  heating  in  a current  of  hydrogen  sulphide, 
Avhen  he  got  a very  simple  ratio  i\In80^  : ]\In8,  Avhich  is 
practically  Mn8( 

DeAvar  and  8cott  determined  the  ratio  betAveen  silver 
permanganate  and  })otassium  bromide;  and  Marignac,  at 
the  same  time,  published  results  from  the  coiiA'ersion  of 
manganous  oxide  into  manganous  sulphate,  Avhich  gave 
practically  identical  results. 

Phosphorus. — 8chrdtter,  by  burning  phosphorus  to  the 
pentoxide,  found  100  grams  of  phosphorus  gave  228-918 
grams  of  pentoxide,  AA'henccAve  get  the  ratios 
Po : 0-  at  once.  Dumas  determined  the  ratio  betAveen 
the  trichloride  and  silver,  and  found  42-4-55  grams  of  the 
chloride  Averc  eijuivalent  to  100  grams  of  silver.  These 
tAvo  very  distinct  methods  agree  extremely  avoU. 

In  the  folloAving  table  it  Avill  be  obseryed  that  the 
71071-metals  are  distinguished  by  large  capitals,  the  more 
(‘.07nmo7ihj  occurring  metals  in  small  capitals,  and  the 
rarer  metals  in  ordinary  type  : — 
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Table  of  Aiomie  Webjhts,  0 = 1G.  {After  Ostwald.) 
For  u.se  of  ililferent  types  in  tliis  tal)le  see  in’oceGing  pnge. 


Aluminium,  . 

A1  = 27-1  , 

Molybdenum,  . 

Mo 

= 95-9 

Antimony 

Nickel,  . 

Ni 

= 59 

(Stibium),  . 

S!)  -120-3 

Niobium,  . 

Nb 

= 94-2 

ARSKXIC,  . 

As  = 7b-() 

NITROGEN, 

N 

= 14-041 

Bakium,  . 

Ba  -137-0 

0.smium.  . 

Os 

= 192 

Beryllium, 

Be  - 9'] 

OXYGEN, 

0 

= 16-00 

Bismuth,  . 

Bi  =208-0 

Palladium, 

I’d 

= 106 

BORON,  . . 

B = 11-01 

PHOSPHORUS,  P 

= 31-03 

BBOMINE,  . 

Br  = 79-963 

Platinu.m, 

Pt 

-194-8 

Cadmium, 

Cd  =112-1 

Potassium, 

Ciesium,  . 

Cs  =132-9 

(Kalinm), 

1; 

= 39-14 

Calcium,  . 

Ca  = 40-0 

Rhodium,  . 

Rh 

= 103 

CARBON,.  . 

C = 12-0 

Rubidium, 

Rb 

= 85-4 

Cerium, 

Ce  =140-2 

Ruthenium, 

Ru 

= 101-7 

CHLORINE,  . 

Cl  = 35-4.53 

Samarium, 

Sm 

= 150 

Chromium, 

Cr  = 52-2 

Scandium,  . 

Se 

= 44-1 

Cobalt,  . 

Co  = 59-0 

SELENIUM,  . 

Se 

= 79-1 

Coi’PEn  (Cup- 

SILICON, 

Si 

= 28-4 

rum), 

Cu  = 63-3 

SiLYKR 

^Neo-didy- 

(Argentum),  . 

Ag 

= 107-938 

Didy-  j mium 

Nd  = 140-8 

Sodium 

mium,  j Praseo- 

didy- 

(Natrium), 

Na 

= 23-06 

^ mium. 

lV  = 143-6 

Strontium, 

Sr 

= 87-5 

Ertiium, 

Er  =166-0 

SULPHUR, 

S 

= 32-06 

FLUORINE,  . 

F = 19-0 

Tantalum,  . 

Ta 

= 183 

Gallium,  . 

Ga  = 69-9 

TELLURIUM. 

Te 

= 125 

Germanium, 

Ge  = 7-2-3 

Thallium,  . 

T1 

= 204-1 

Golp  (Aurum), 

All  =197-2 

Thorium,  . 

Th 

= 232-4 

HYDROGEN, . 

II  = 1-003 

Thulium,  . 

Tu 

= 171 

Indium, 

In  =113-7 

Tin  (Stannum), 

Sn 

= 118-1 

IODINE,  . . 

I =126-86 

Titanium,  . 

Ti 

= 48-1 

Iridium,  . 

Ir  =193-2 

Tungsten 

Ikon  (Ferrum), 

Fe  = 56  -0 

(Wolfram), 

W 

= 184-0 

l.antlianum. 

La  =138-5 

Uranium,  . 

U 

= 239-4 

LKAD(Plumbum),Pb  = 206'91 

Yanadium, 

Y 

= 51-2 

Lithium,  . 

Li  = 7-03 

Ytterbium, 

Yb 

= 173-2 

Magnesium,  . 

Mg=  24-38 

Yttrium,  . 

Y 

= 88-7 

Manganese,  . 

Mn=  55-0 

Zinc,  . 

Zu 

= 65-5 

Mercury  (Hy- 

Zirconium, 

Zr 

= 90-7 

drargyrum), 

Hg  = 200-4 

DULOXG  AND  PETIT’S  LAW. 
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CHAPTER  III. 

ATOMIC  AND  MOLECULAR  WEIGHTS. 

In  the  last  chapter  Ave  gave  the  fundanieutal  methods 
of  determining  molecular  and  equivalent  u'eights,  and 
from  them  the  atomic  u'eights  of  the  elementary  bodies. 
In  this  M’e  propose  to  consider  the  chief  subsidiary 
methods  either  for  deciding  definitely  Avhat  multi])le  of 
the  equivalent  must  be  used  when  the  methods  previously 
given  are  inapplicable,  or  udieii  they  give  results  which 
are  not  conclusive.  Ry  far  the  most  important  method 
of  checking  the  atomic  'weight  is  that  to  -which  we  have 
very  briefly  referred,  and  -what  is  kiioum  as  Uulong  and 
Petit’s  law.  It  may  be  Muitten  in  its  simplest  form, 
“ that  the  atoms  of  all  tlie  elements  have  the  same 
capacity  for  heat ; ” or,  glutting  it  into  a more  directly 
practical  form,  may  Avrite  it  “ the  atomic  weight  is 
inversely  proportional  to  the  specific  heat,”  and  bringing 
this  to  a numerical  expression  Ave  have — 

The  atomic  weight  of  an  element  = r-: — J?  to  6 6 — ^ 

opecitic  heat  ot  the  elements 
in  the  solid  state. 

This  laAv  Avas  originally  based  on  purely  experimental 
evidence,  and  is,  as  a practical  Avorking  laAv,  only  moder- 
ately accurate  in  its  expression,  and  it  cannot  be  other- 
Avise,  as  Ave  know  that  the  specific  heat  of  an  element 
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varies  with  tlie  temperature,  hut  that  tlie  atomic  weight 
is  ahsolutely  invariable.  The  following  table  shows  the 
degree  of  accuracy  to  wliich  the  law  holds  for  the 
majority  of  the  elements  in  the  solid  stab* : — 


Ahiminiuni, 

Antimony,  . 

Arsenic, 

Beryllium,  . 

Bismnth, 

Bromine, 

Calcium, 

Cerium, 

Cobalt, 

Copper, 

Didymium, 

Gallium, 

Germanium, 

Gold, 

Indium, 

Iodine, 

Iridium, 

Iron,  , 

Lanthanum, 

Load,  . 

Lithium, 

jMagncsium, 

Manganese, 

^Mercury, 

Molybdenum, 

Nickel, 

Osmium, 

Palladium,  . 

Phosphorus, 

Platinum,  . 

Potassium  . 


Atomic  S])ceiflc  Atomic  weight 

wciglit.  liciit.  X Si>eciflc  liciit. 


27 
120 
7 a 
9 

208 

80 

40 

140 

59 

03 

142 

70 

72 

197 

114 

127 

193 

56 

138-5 

207 

7 

24 

55 

200 

96 

59 

192 

106 

31 

195 

39 


5 - 67 

6- 12 
6-07 

5- 22 
6 '45 

6- 72 
6-8 
6-3 
6-49 
5-92 
6.53 
5-53 

5- 54 

6- 3 
6'5 
6-86 
6-37 
6-16 
6-23 
6-42 
6-59 
6-0 
6-6 
6-4 
6-91 
6-49 

5- 95 

6- 25 

5- 27 

6- 43 
6-63 


•21 

•051 

•081 

•58 

•031 

•084 

•17 

•045 

•11 

•094 

•046 

•079 

•077 

•032 

•057 

•054 

•033 

•11 

•045 

•031 

•941 

•25 

•12 

•032 

•072 

•11 

•031 

•059 

•17 

•033 

•17 
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Atomic 

Specific 

Atomic  weigiit 

weight. 

heat. 

X Specific  Iieat. 

Selenium,  . 

79 

•075 

5-92 

Silver, 

108 

•056 

6-05 

Sodium, 

23 

•029 

6^67 

Sulphur, 

32 

•16 

5-12 

Tellurium,  . 

125 

•047 

5-87 

Thallium,  . 

204 

•034 

6-94 

Tin,  . 

118 

•056 

6-61 

Uranium,  . 

2.39 

•028 

6^69 

Zinc,  . 

65 

•094 

6-11 

Zirconium,  . 

91 

■066 

6-0 

e see,  then. 

from  the  above  table  the  extent  of  the 

variation  of  the  atomic  heats  of  the  elements  as  deter- 
mined experimentally. 

AVhat  we  call  the  specific  heat  is,  however,  the  sum  of 
various  thermal  changes,  which  vary  not  only  with  the 
nature  of  the  substance  but  with  the  range  of  tempera- 
ture. The  rate  of  expansion  and  the  gradual  change  of 
state  are  amongst  the  causes  of  this  variation.  It  is 
cjuite  possible,  then,  that  the  law  as  we  enunciated  it  at 
the  beginning  of  the  chapter  may  be  absolutely  accurate, 
although  we  are  unable  to  prove  that  it  is  anything  more 
than  approximate. 

One  of  the  most  interesting  cases  of  variation  is  that 
of  the  three  elements — carbon,  boron,  and  silicon — of 
which  the  atomic  heats  deduced  from  the  specific 
heats  at  ordinary  temperatures  give  respectively  the 
products : — 


Carbon  as  diamond,  . . . . . 1'58 

,,  „ graphite, 1-93 

Boron, 2'7l 

Silicon,  . . . . 4 75 
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BERYLLIUM  AND  URANIUM. 


If  the  tem])crature,  however,  he  a very  high  one,  we 
luive — 


Degrees. 

.Atomic  lieat. 

Diamond, 

at  985 

5 '51 

Graphite, 

,,  978 

5'50 

Boron, 

„ 233 

4-26 

Silicon,  . 

CO 

5 '63 

showing  that  wo  niay  have  these  elements,  wliich  deviate 
so  much  from  the  law  at  ordinary  temperatures,  in  2)ei'- 
fect  accord  with  it  at  elevated  temi)eratures. 

^Ynother  element,  the  atomic  weight  of  which  was  for 
a long  time  in  douht,  is  heryllium,  of  which  the  oxide 
may  T)e  written  BeO,  l>e  = 9'l,  0 = 16,  or  Be.jOy,  where 
Be  ■ 13'65,  0 = 16.  At  ordinary  temperatures  its  sjiecihc 
heat  (AAlson  and  Pettersson)  is  'SOTS,  hut  at  about  260° 
rises  to  ’582,  hence  9'1  x •582  = 5’3,  hut  13'o5  x •582  = 
7 ‘9,  which  is  far  too  high.  Hence  9‘1  is  ado}»ted  as  the 
most  }n’ohal)le  value  for  the  atomic  weight  of  heryllium. 

To  take  one  other  instance,  tliat  of  uranium,  the  con- 
stitution of  the  oxides  and  salts  of  which  are  ahnormal, 
hence  conclusions  drawn  from  their  conqwsition  are 
far  from  decisive.  The  oxides  which  were  formerly 
Avritten  UO  and  Ho0.j,  with  an  atomic  weight  of  120, 
are  now  UOo  and  UO3,  and  the  atomic  Aveight  240. 
Zimmermann  fovind  that  the  si^ecilic  heat  of  uranium 
(fused)  l)etAveen  0°  and  100°  C.  = '02765. 

•027(55  X 210  = 6'636  = atomic  lieat. 


This,  therefore,  agrees  Avith  the  numher  Avhich  had 
heen  ado2>ted  as  the  most  2)rohahle. 

A very  important  point  at  once  suggests  itself.  Can 
Ave  determine  the  molecular  Aveight  of  a salt  or  other 
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coinpoimd  from  its  specitic  Iieat?  or,  at  least,  can  wc 
detect  any  relation  existing  between  them  ? The  puh- 
lished  works  of  Neumann  in  1831,  and  liegnault  in 
1840,  clearly  proved  that  the  connection  hetween  tlie 
molecvdar  weight  and  the  specific  heat  is  a simple  one, 
and  that  we  may  state  the  law  connecting  them  thus  : — 
The  specific  heat  of  the  elements  is  practically  the  same 
■whether  they  are  in  the  free  state  or  in  comhination.  It 
is  eviilent,  then,  that  we  may  deduce  the  specific  heat  of 
many  elements  in  the  solid  state  which  we  cannot  deter- 
mine directly,  such  as  those  of  hydrogen,  oxygen,  and 
nitrogen.  Kegnault  deduced  the  specific  heats  of  the 
alkali  metals  from  those  of  their  haloid  salts,  and  found 
the  results  agreed  very  well  with  his  direct  observa- 
tions afterwards,  showing  that  they  obeyed  Dulong  and 
Petit’s  law  ; — 


KC1  = 74'5  Sp.  lit.  = ‘173 

74’5  X T73=  12 '44  = molecular  heat=2  x 6'22 
NaCl  = 58'5  Sp.  lit.  = '214 

58‘5  X •214  = 12'52  = molecular  lieat  = 2 x 6‘26 
KBr  = 119  Sp.  lit.  = T13 

119  X T1 3 = 13 '45  = molecular  heat=2  x 672 
NaBr  = 103  Sp.  lit.  = -137 

103  X •137  = 14 '1  = molecular  heat  = 2 x 7'0 
KI  = 166  Sp.  lit.  = '0819 

166  X '0819  = 13 ‘.59  = molecular  heat=2x6‘79 
Nal  = 150  Sp.  lit.  = -0881 

IfiO  X ‘0881  = 13 ■■215  = molecular  heat  = 2x6^6 


The  above  determinations  show  that  it  is  highly 
probable  that  chlorine  obeys  Dulong  and  Petit’s  law 
as  we  know  iodine  and  bromine  do,  from  direct  experi- 
ment. 


4 


50 


OXYGEN  AND  FLUORINE. 


If  we  take  another  casc- 
nierciiry  : — 

Mercuric  chloride,  lIgCL  = 271, 
sp.  ht.  = ‘0G9 
271  X •069  = 18-7  = 3x6-23 
Mercuric  iodide,  HgL  = 454, 
sp.  ht.  = ‘042 

454  X •042  = 19-07  = 3x6-36 


the  chlorides  and  iodides  of 


Mercurous  chloride,  HgXl;  = 
471,  sj..  ht.  = -052 
471  X -052  = 24 -5  = 4x  6-12 
^Mercurous  iodide,  lIgML  = 
654,  sp.  ht.  = -0395 
654  X -0395  = 25-83  = 4 X 6-46 


At  first  sight  it  might  seem  that  this  settled  the  for- 
mulse  for  the  mercurous  salts,  as  it  seems  a natural  con- 
sequence of  the  law  that  the  mercurous  salts,  having  a 
lower  specific  heat  than  the  mercuric  salts,  ought  to 
have  a higher  molecular  weight.  This  by  no  means 
follows,  for  if  we  try  the  formula  IlgCl  for  mercurous 
chloride,  we  have  taken  half  the  molecular  weight  and 
half  the  number  of  atoms,  as 

HgCl  = 235-5  Sp.  ht.  = -052 
235 -5  X -052  = 12-25  = 2x6-12 

which  is  the  same  result  as  above. 

From  this  it  is  apparent  that  Ave  arc  unable  to  deduce 
the  molecular  Aveight  of  a salt,  l)ut  that  does  not  prevent 
our  deriving  A'aluable  information  regarding  it.  We 
might  use  it  to  determine  Avhether  fluorine  Avas  more 
like  oxygen  than  chlorine,  and  the  formula  of  lluorsi)ar, 

CaF  like  CaO(F  = 38)1 

or  CaF,  like  CaCl.,  j is  -2154 

78  X -2154  = 16-8  = either  2 x 8-4  or  3 x 5-6 

Avhenco  three  atoms  arc  more  probable,  and  more  so  if 
Avc  take  aAvay  G-8,  the  knoAvn  atomic  heat  of  calcium, 
Avhich  leaves  10  0 as  the  remainder  for  the  atomic  heat 
of  one  or  of  tAvo  atoms  of  fluorine,  of  Avhich  the  atomic 
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heat  is  far  more  likely  to  be  uiuler  than  over  G ; hence  we 
tiiid  5'0  as  its  atomic  heat  from  this  compound.  AVe 
may  find  that  of  oxygen  from  potassium  chlorate  and 
perchlorate  : — 


KCl  = 

74  "5 

Sp.  lit.  = -173 

. -.  Molecular  heat  = 

12-4 

KC10;,= 

122-5 

„ =-209 

• • J f ~ 

25-6 

KC104  = 

138-5 

„ =-19 

• • ff  ~ 

26-3 

25 - 6 -12 -4  = 13 -2  for  O3 

26- 3 -12-4  = 13-9  ,,  O4 


27-1  „ O7  .-.  3-9  for  0 

Xow,  if  we  take  the  compounds  of  carbon,  boron,  and 
silicon,  we  find  that  their  atomic  heats,  deduced  from 
those  of  their  compounds,  as  from  direct  exi)eriments, 
have  an  abnormally  low  value. 

K.U03=138  Sp.  ht.  = -206  . ’.  Mol.  ht.  =28'4 

Ko  = 2x6-5  = 13'0  0,..  = 3x3-9  = ll-7 

.-.  At.  lit.  of  C = 28 -4 -(13 -0  + 11 -7)  = 3 -7 

Lead  carbonate,  PbCOo,  gives  similar  results. 

PbCO;j  = 267  Sp.  ht.  = -079  Mol.  lit.  =2U1 

Pb  = 6'5  and  03=11-7  . '.  At.  lit.  of  C = 21-l  - (ll-7  + 6-5)  = 2'9 

The  specific  heats  of  their  compounds  increase  rapidly 
with  the  temperature,  as  beeswax,  of  which  the  specific 
heat  is  from — 


0]^° 

to 

3°  C. 

•4287 

6“ 

> J 

26°  C. 

-504 

26° 

42°  C. 

•82 

42° 

J J 

58°  C. 

= 1-72 

carbon  trichloride,  C.2C1^^ — 


18° 

to 

37° 

C.  = 

•178 

18° 

J f 

4.3° 

c.  = 

•194 

18° 

JJ 

50° 

c.  = 

•277 

ALLOTROPIC  MODIFICATIONS. 
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If  we  assume  tlie  atomic  heat  of  clilorine  constant  at 
G‘4,  from  these  tliree  numhers  Ave  get  tlie  molecular  heat 
respectively  42‘2,  4G'0,  and  G5‘G,  whence  the  atomic 
heat  of  carhon  is  1‘9,  3'8,  and  13'G.  This  shows  the 
influence  of  the  temperature  in  a A'cry  marked  manner, 
and  that  some  limiting  clause  is  ahsolutely  e.ssential 
before  the  law  can  he  utilised  for  giving  the  atomic  heat 
with  accuracy. 

The  specific  heat  in  the  liquid  state  of  the  feAV  ele- 
ments is  in  every  case  for  which  it  is  known,  a little 
higher  than  of  the  same  elements  in  the  .solid  condition. 

In  the  gaseous  condition  we  have  greater  difficulty  in 
framing  a law  which  will  express  a definite  relation 
between  the  composition  and  .specific  heat.  In  the  case 
of  solids,  the  external  work  (such  as  expansion)  done  is 
small,  and  what  we  have  most  difficulty  in  allowing  for 
is  change  of  state  and  molecular  condition,  which  not 
oidy  in  themselves  absorb  or  give  out  heat,  but  the 
different  modifications  have  themselves  different  specific 
heats.  If  . we  take  phosphorus  as  an  exanqtle,  we  see 
Kopi)’s  A’alue  for  yellow  phosphorus  is  (13°  to  3G°)  '202, 
and  Kcgnault’s  for  red  (15°  to  98°)  TG98,  and  for 
selenium  (Rettendorf  and  AVulhier),  we  have  the  cry.s- 
tallised  modification  having  a specific  heat  of  ’084,  and 
the  amorphous  TI2,  through  the  .‘^amc  range  of  tem2)era- 
ture.  In  gases,  however,  Ave  have  much  external  work, 
and  also  more  internal  motion  in  the  individual  mole- 
cule than  is  })0ssible  for  it  in  the  solid  state.  The 
external  Avork  done  by  a gas  in  expanding  can  readily 
be  estimated  from  the  mechanical  theory  of  heat.  We 
find  that  the  ratio  of  the  specific  heat  at  comtivit  volume 
— that  is,  Avhere  the  gas  is  not  alloAved  to  exiiand — to 
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that  at  constant  ^)r^ss2<re — that  is,  Avherc  it  is  allowed  to 
do  so — is  not  constant,  those  gases  which  have  a very 
simple  molecule  giving  a much  higher  ratio  than  those 
of  which  the  molecule  is  more  complex,  and  in  which 
the  ratio  of  the  internal  work  to  the  external  is  much 
greater,  as  the  following  examples  show  : — 


Mercury,  . 

Sp.  lit.  .It 
const,  vol. 

1 

Sp.  lit.  at 
const,  press. 

1-66 

Atoms  in 
molecule. 

1 

Hydrogen,  . 

1 

1-38 

2 

Air, 

1 

1-40 

2 

Hydrocliloric  acid,  at  20°, 

1 

1-40 

2 

„ „ at  100° 

1 

1-39 

2 

Carbon  monoxide. 

1 

1-40 

2 

Carbon  dioxide,  at  0°, 

1 

1-31 

3 

,,  „ at  100°, 

1 

1"28 

3 

Ethylene,  at  0°,  . 

1 

1-24 

6 

,,  at  100°, 

1 

1'187 

6 

We  see,  then,  that  more  heat  proportionately  is  re- 
quired for  the  G-atomed  molecule  of  ethylene  than  for 
that  of  carbon  dioxide,  and  that  it  requires  more  than 
the  gases  of  which  the  molecule  contains  two  atoms,  and 
that  those  given  arc  all  alike,  the  ratio  being  1 : I'd, 
while  for  mercury  the  ratio  is  still  larger,  or  the  internal 
work  done  much  smaller.  This  confirms  in  a most 
interesting  manner  the  correctness  of  our  views  as  to 
the  mon-atomic  nature  of  the  mercury  molecule. 

Chlorine,  a coloured  ga.s,  behaves  dilicrently  from  the 
other  gases  with  similarly  constituted  molecules,  for  the 
ratio  of  its  two  specific  heats  is  as  1:1  '323,  and  for 
bromine  and  iodine  1 : l'29d. 

Another  method  which  has  at  various  times  proved  of 
considerable  utility,  and  is  of  great  interest,  is  that  com- 
pounds of  analogous  composition  A’ory  often  crystallise 
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in  exactly  the  saiiie  crystalline  forms,  and  we  in  this 
way  can  deduce  the  necessary  formulae,  and  hence  the 
atomic  weights  of  the  component  (‘lements.  Suhstances 
crystallising  in  the  same  form  are  said  to  he  isomurpli02is. 
An  extremely  good  exanii)le  is  afforded  h}'  the  common 
suhstances  known  as  alums,  aluminium  sul])hate  and 
l)otassium  sulphate  ciystallise  ahmg  with  water  and  give 
Avhat  is  called  jjotash  alum,  a double  sulphate  of 
aluminium  and  of  i)otassium  ; and  the  alums  in  general 
are  double  sulphates,  one  of  which  corres])onds  to  that 
of  aluminium,  the  other  to  that  of  potassium.  Alums 
can  he  formed  from  the  following  .sulphates,  each  con- 
sisting of  one  from  each  class -t-  24:11^0  : — 


Aluminium  sulphate, At, (SO^lj 
Ferric  ,,  l'V,,(S04)3 

Chromic  ,,  Ci'olSOjh 

^langanic  ,,  MiiofSOj);} 


Potassium  sulphate, 
Soelium  ,, 

Ammonium  ,, 

Silver  , , 

Thallium  ,, 


K..S04 

NuoSOj 

(KH4hS04 

Ag.SO’4 

T1,.S04 


From  this  Ave  see  that  aluminium  salts  correspond  to 
the  ferric  salts,  and  hence  Al^Og  Avas  chosen  as  the 
formula  for  alumina  to  corrcsi)ond  to  Fe^f  h,  and  not 
AlO  to  correspond  to  FeO  and  Zn( ).  Again,  the  silA'or 
and  thallium  alums  are  A'ery  interesting  corroborations 
of  the  formulte  a.ssigned  to  the  salts  of  these  metals. 


■ From  isomorjdiism  Ave  get  some  insight  into  the  con- 
stitution of  scA'eral  compounds.  The  spinelle  group 
has  the  general  formula  1M304,  or  it  may  he  lM0,N20g, 
that  is,  Ave  may  haA’e  tAvo  metals,  or  only  one,  com- 
bined Avith  oxygen,  as 


Fe.,04,  or  FeO,Fc..O; 
Fe0,Cro0.j  . *. 

j\lgO,Al26;J  . 


^lagnetic  iron  oxide. 
Chrome  iron  ore. 
Spinelle. 


The  vitriol  group  of  sulphates,  having  the  general 
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formula  of  avlncli  Mg80^,TIoO  + 

6H.,0  may  be  taken  as  the  type,  contains  the  ferrous, 
cupric,  zinc,  nickel,  cobalt,  ami  manganous  sulphates. 
Although  when  alone,  and  under  ordinary  conditions, 
these  may  not  always  crystallise  in  the  typical  form, 
yet  on  crystallising  a mixed  solution,  all  will  crystal- 
lise together,  and  it  will  be  impossible  to  separate 
a mixture  of  these  sulphates  T)y  any  amoimt  of 
recrystallisation.  Ordinary  copper  sulphate  crystals 
consist  of  CnS0^,ir20 -I- dll^O,  but  if  a certain  amount 
of  ferrous  sidphate  be  added,  and  the  solution  be  strong 
enough  to  crystallise,  and  the  crystallisation  be  started 
with  a crystal  of  ordinary  ferrous  sidphate,  every  crystal 
will  contain  both  iron  and  copper,  and  for  every  80^ 
there  will  be  711^0,  so  the  formula  is  often  written 
(CnFe)80^,n2()  -t-  611^0.  The  amount  of  the  metal 
equivalent  to  the  sulphuric  acid  being  in  part  iron 
and  in  part  copper,  the  formula  expresses  the  anal}dical 
results,  rather  than  a true  molecule,  and  (to  take  an 
example)  what  ought  to  be  represented  as 

6(FeS04,IL0  + 6H..0)  + CuSO^.H.O  6IL0 
would  be  written 

(Fe?-Cal  )S04,  H.,0  + 6H..0 , 

the  true  meaning  being  really  that  56  x S of  iron  -f  63 
X i of  copper  = 48  parts  of  iron  + 9 parts  of  copper  are 
united  with  96  parts  of  snlphion  (8O4)  and  126  parts  of 
water.  48  parts  of  iron  require  96  x y of  the  80^  = 824, 
whilst  the  9 parts  of  copper  require  96  x i = 13f  parts. 

An  interesting  point  about  this  group  is  the  difference 
in  relationship  of  one  molecule  of  the  water  from  the 
other  six  molecules  to  the  central  group  of  the  crystal- 
lised salt.  Dried  at  lOO”  C.,  or  even  many  degrees 
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higher,  only  six  molecules  of  water  are  expelled.  A 
very  much  higher  temperature  is  rerpiired  to  drive  otf 
the  last  molecule.  If  we  add  to  a solution  of  ferrous 
sulphate,  for  example,  an  equivalent  quantity  of  am- 
monium sulphate,  we  get  crystals  of  ferrous  ammonium 
sulphate,  of  which  the  fornnda  is  FcSO^,(XlI^)^S(  -t- 
GII.,(),  crystallising  in  exactly  the  .same  form,  Imt  all 
the  water  is  driven  off  at  110°  C.  The  ammonium  sul- 
}»hatc,  therefore,  seems  to  occujiy  the  same  position  in 
the  salt  that  the  last  molecule  of  water  held.  This  salt 
is  much  used  in  analysis,  as  it  contains  exactly  ] of  its 
weight  of  metallic  iron  in  the  ferrous  condition,  and 
must  not  1)C  confounded  with  iron  ammonium  alum. 


ferric  condition. 

Chromates  and  sulphates  crystallise  in  the  same  form, 
and  have  similar  formula) — 


These  two  salts  crystallise  together,  and  the  ju'o- 
portion  of  chromium  and  sulphur  in  crystals  obtained 
from  a mixed  solution  depends  on  the  relative  ])ropor- 
tions  of  each  salt  in  the  solution.  Hence  potassium 
chromate  is  often  adulterated  with  the  much  cheaper 
sulphate,  the  high  tinctorial  poAver  of  the  chromate 
rendering  even  a large  amount  of  sulphate  undeteetalTe 
from  the  colour.  The  lead  and  barium  salts  are  also 
both  extremely  insoluble,  so  that  the  ordinary  tests  for 
sulphuric  acid  arc  precluded.  If,  however,  Ave  remove 
the  oxygen  from  the  chromate,  and  reduce  2CrO..  to 
Cr203  by  boiling  the  chromate  Avith  hydrochloric  acid 
and  alcohol,  avc  may  then  apply  the  barium  chloride  test 


Potassium  sulpliatc. 
,,  chromate. 
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for  sulphuric  acid,  as  it  is  tlie  Crt)^  and  the  SOo  groups 
that  are  alike. 

Very  often  groups  -which  we  do  not  usually  think  of 
as  similar  seem  to  give  rise  to  isomorphous  salts.  One 
of  the  most  interesting  cases  is  that  of  carlwnates  of 
certain  diad  metals  and  nitrates  of  monad  metals.  Cal- 
cium carbonate  crystallises  in  two  perfectly  distinct 
forms — calcspar  and  arragonite — of  which  the  den- 
sities are  respectively  2’71  and  2 -94.  The  cry.stalline 
form  of  calcspar  is  almost  the  same  as  that  of  sodium 
nitrate,  and  by  placing  a cry.stal  of  calcspar  in  a solu- 
tion of  sodium  nitrate  it  will  grow  by  the  deposition  of 
sodium  nitrate  all  over  it  in  the  same  way  that  the  -s'ery 
dark  crystals  of  chrome  alum  may  be  coveretl  l)y  colour- 
less aluminium  alum.  Arragonite  has  the  same  crystal- 
line form  as  potassium  nitrate,  so  we  have 


Calcspar, 

CaCO. 

Sodium  nitrate, 

NaNO; 

Arragonite, 

CaCOo' 

Potassium  nitrate,  . 

KNO." 

Isomorphous  bodies,  in  the  strictest  sense,  are 
generally  defined  as  those  not  only  which  crystallise  in 
the  same  forms,  but  Avhich  are  capable  of  replacing  one 
another  in  any  proportions  in  these  forms. 

Another  method,  of  however  but  little  importance, 
with  regard  to  the  atomic  weights  of  the  elements  or 
the  molecular  weights  of  inorganic  compounds  is  the 
atomic  vohnne.  As  the  product  of  volume  by  density 
gives  the  mass,  if  we  divide  the  molecular  weight  by 
the  density,  we  get  the  volume  corresponding,  which  is 
known  as  the  molecular  volume.  Of  the  great  import- 
ance of  this,  especially  with  regard  to  organic  com- 
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pounds,  \vc  shall  aftriuvards  treat  at  greater  length  ; at 
])rescnt  we  shall  only  point  out  that  many  groups  of 
similarly  constituted  bodies  have  nearly  the  same  atomic 


volumes. 


Moleoulav 

wciglit. 


Density. 


Caldum  .sulpbato,  C.uSO^  . 
Stroiituun  .sulpliate,  SrS04 
r>ariiun  snljiliate,  BaSO^ 


136  3-0 

183  3-9 


•233  4-5 


45-3 
47-0 
r.i  -4 


iScienco  is  indchted  to  Haoult  of  Grenoble  for  two 
processes  of  determining  the  molecular  weights  of 
substances  in  the  liquid  state  which  are  of  great 
interest  and  value,  because  of  the  power  they  give  of 
attacking  many  problems  from  an  altogether  dillerent 
standpoint.  Everyone  knows  that  sea  water  does  not 
freeze  nearly  so  readily  as  jiure  water.  It  is  likewise 
well  known  that  the  ice  formed  from  the  sea  in  cold 
climates  is  almost  free  from  salt. 

Kaoult  states,  as  a general  law,  that  everij  suhfifano/ 
in  dissulviini  in  a definite  liquid  cajtahle  of  soUdifiji}ig, 
loicers  the  solidifijing  {ov  ii'cc/Aug)  poi7it  o f the  liquid,  and 
that  there  are  no  exceptions  to  this  law.  It  follows  that 
if  we  have  two  samples  of  a substance,  the  ]>urer  is  that 
which  solidities  at  the  higher  temperature.  'When  a dilute 
S(dution  is  cooled,  the  first  ])ortions  which  solidify  consist 
of  the  solvent  almost  in  a state  of  imrity,  and  that  as 
the  liipiid  becomes  in  this  manner  more  and  more  con- 
centrated the  solidifying  point  falls  lower  and  lower. 
This  gives  a further  test  of  the  ])urity  of  a substance,  for 
if  the  temperature  at  which  it  solidifies  remains  the  .same 
from  the  beginning  till  all  is  .solid,  then  it  must  be  pure, 
as  in  the  ca.se  of  glacial  acetic  acid,  the  strongest  freezes 
at  17°  C.,  but  if  a very  .small  (piantity  of  Avater  be 
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added  it  will  not  freeze  till  its  temperature  falls  to  10°  C.; 
similarly  carbolic  acid  (phenol),  unless  quite  anhydrous, 
tends  to  remain  liquid  at  ordinary  temperatures. 

The  temperature  at  which  solidification  commences 
alone  is  fixed,  and  this  is  called  the  solidifying  point, 
and  the  fall  of  the  solidifying  point  is  the  difference 
between  that  of  the  solution  and  of  the  solvent  deter- 
mined within  a few  hours  of  each  other.  About  100 
cubic  centimetres  should  he  used,  and  the  tem})eratures 
read  to  -^V  of  a degree  Centigrade  at  least,  for  deter- 
mining molecular  weights.  The  coefficient  of  fall  is  the 
quotient  of  the  fall  of  temperature  in  the  freezing  point 
by  the  weight  of  the  substance  in  100  grams  of  the 
solvent. 

The  molecular  fall  is  obtained  by  multiplying  the 
coefficients  of  fall  by  the  molecular  weight  (the  solution 
to  he  dilute). 

It  is  then  found  that  the  molecular  falls,  produced 
by  the  various  compounds  which  can  he  dissolved  in 
the  same  solvent,  are  all  grouped  under  a small  number 
of  constants. 

If  water  he  employed  as  the  solvent,  the  molecular 
fall  is  very  nearly  the  same,  and  very  close  to  19  for 
all  organic  compounds  except  the  amines.  It  is  also 
19  for  feeble  mineral  acids  and  bases,  as  hydrosulphuric 
and  suljdiurous  acids,  and  for  ammonia.  It  is  about 
35  for  all  alkaline  salts  of  monobasic  acids,  for  alkalis 
and  strong  monobasic  acids,  as  potassium  chloride, 
nitrate,  and  hydrate.  It  is  nearly  40  for  neutral  alkaline 
salts  of  the  dibasic  acids,  and  these  acids  themselves,  as 
l)otassium  sulphate  and  chromate,  and  for  sulphuric 
acid.  It  is  nearly  45  for  the  alkaline  earths,  and  their 
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salts  Avitli  monobasic  acids,  as  barium  hydrate,  cliloride, 
and  nitrate. 

If  we  use  acetic  acid  instead  of  M'ater,  it  is  in  almost 
every  case  39,  except  in  the  cases  of  sulphuric  and 
hydrochloric  acids,  and  of  magnesium  acetate,  for  which 
three  it  is  only  19 — that  is  to  say,  the  half  of  that  of 
other  substances. 

T>y  using  benzene  as  the  .solvent,  we  get  two  groups, 
the  molecular  fall  for  acids  and  alcohols  25,  and  for 
other  organic  .substances  and  the  chlorides  of  the  non- 
metals  49.  The  law  may  be  generally  stated  that  “ if 
the  molecular  weight  of  any  sub.stancc  ^vhatever  be 
dissolved  in  100  times  the  molecular  weight  of  any 
organic  solvent,  and  the  fall  of  the  freezing  point  deter- 
mined, it  will  be  found  to  be  about  ‘62°  C ; if  it  lie 
exceptional,  it  will  be  almost  exactly  ‘SI"  C.”  To  deter- 
mine the  molecidar  weight,  then,  we  have 

M.AV.  =39  X for  acetic  acid. 

cj) 

Where  g = quantity  of  substance  studied. 
p = quantity  of  solvent. 
c = fall  of  point  of  solidilication. 

One  has  only  to  replace  the  39  by  the  numbers  given 
above  to  adapt  it  for  the  other  solvents. 

Another  Avell-knoAvn  fact  is  that  the  tension  of  water 
from  solutions  of  salts  is  not  as  great  as  from  pure 
water,  or,  to  put  it  in  another  way,  the  boiling  point  is 
higher  for  .salt  Avater  than  for  pure  water,  a fact  made 
use  of  in  the  laboratory  for  keeping  bodies  at  a few 
d(‘grees  over  100°,  by  using  liaths  of  solutions  of  cal- 
cium and  zinc  chlorides,  Ac.  measuring  the  tension 
of  the  pure  solvent/,  and  that  of  the  solution  /',  and 
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dividing  the  ditfereuco  hy  the  tension  of  tlie  solvent,  we 
get  what  Kaoult  calls  the  relative  difference  of  tension 

of  vapour  . This  relative  difference  of  the  ten- 

sion is  independent  of  the  temperature  (at  least  when 
the  tension  of  the  solvent  is  from  400  to  760  mm.). 
It,  however,  varies  with  the  concentration  of  the  soln- 
tion,  Imt  for  solutions  containing  less  than  7 molecules 
of  the  dissolved  matter  for  100  of  the  solvent,  the 
variation  of  the  relative  difference  of  tension  follows 
a law  similar  to  that  of  the  fall  of  the  freezing  point. 
AVhen  the  solutions  contain  more  than  10  molecules  of 
the  solid  for  100  of  the  solvent,  the  relative  difference  of 
the  tension  diminishes  in  an  indefinite  manner  as  the 
concentration  is  increased. 

It  is  tlierefore  possiljle  to  calculate  the  “ molecular 
diminution  of  tension,”  produced  hy  a molecular  weight 
in  grams  dissolved  in  100  grams  of  the  solvent  hy  means 
of  the  folloAving  formula  ; — 


Po 

where  ic  = weiglit  of  solid,  dissolved  in  100  grams  of 
solvent. 

As  in  the  case  of  the  solidifying  point,  we  find 
these  “ molecular  diminutions  of  tension  ” arraiminu 
themselves  into  a small  numher  of  groups.  If  the 
molecular  diminution  of  tension,  as  obtained  above, 
he  divided  hy  the  molecular  weight  of  the  liquid,  the 
quotient  obtained  will  represent  the  relative  diminution 
produced  hy  1 molecule  of  the  .solid  dissolved  in  100 
of  the  volatile  solvent.  This  numher  seems  to  he 
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ii  constant,  having  in  almost  all  cases  a value  of 
•0105. 

In  other  wortls,  1 molecule  of  non-volatile  substance 
dissolved  in  100  molecules  of  any  volatile  liquid  whatever 
diminishes  the  tension  of  its  vapour  by  a constant  frac- 
tion of  its  value,  and  this  fraction  is  equal  to  ‘0105  of 
its  amount. 
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CHAPTER  IV. 


CLASSIFICATION  OF  THE  ELEMENTS. 


Having  briefly  considered  the  various  inodes  of  deter- 
niining  the  atomic  'weights  of  the  elements,  in  Avhich 
use  has  been  made  of  various  relationships  -which  have 
been  discovered  to  exist  between  the  molecular  Aveights 
and  the  physical  properties  of  chemical  substances,  Ave 
have  noAV  to  consider  the  elements  more  directly  Avith 
regard  to  one  another.  In  chemistry,  as  in  other 
branches  of  science,  there  have  lieen  many  sj'^stems  of 
classification  in  use  at  various  times,  some  A'ery  artificial, 
depending  on  one  property  alone  of  the  classified  sub- 
stances as  their  basis,  others  more  or  less  natural,  taking 
into  account  several  properties  at  the  same  time. 

The  elements  are  often  divided  into  tAvo  classes  knoAvn 
as  metals  and  non-metals^  sometimes  called  metalloids. 
The  metals  Avere  defined  as  elements  possessing  metallic 
lustre,  and  being  fair  conductors  of  heat  and  electricity. 
It  Avas  hardly  to  be  expected  that  such  a classification, 
depending  on  purely  ])hysical  properties,  Avould  be  very 
satisfactory  for  chemical  purposes,  and  such  Avas  found 
to  be  the  case.  Attempts  to  classify  the  elements  on  a 
chemical  basis,  such  as  their  behaviour  toAvards  certain 
other  substances,  met  Avith  perha})S  greater  success ; but 
in  all  there  Avas  a residue  of  elements  Avhich  Avere  unlike 
one  another,  and  yet  not  so  much  so  as  to  be  Avorthy  of 
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eacli  having  a class  for  itself.  One  excellent  mannal 
of  cliemistry  adopts  a classification  of  wliicli  the  ninth 
cla.ss  is  “ Copper^  Lead,  and  Thallium,  metals  ichich  are 
not  closely  related T 

The  aiTangenient  of  the  elements  in  an  electro- 
chemical series  Avas  one  of  the  simplest  arrangements  of 
the  Avholc  of  the  elements  in  one  series,  Avhich  hroiight 
many  of  the  similar  metals  together  and  roughly  divided 
them  into  groups.  The  element  considered  usually  to  he 
most  electro-negative  is  oxygen,  and  the  following  table, 
in  Avhich  the  most  electro-positive  elements  come  last,  is 
given  in  Jenkiii’s  Electricity  and  Magnet  ism: — Oxygen, 
sulphur,  nitrogen,  fluorine,  chlorine,  hromine,  iodine, 
phosphorus,  arsenic,  boron,  carbon,  antimony,  silicon, 
hydrogen,  gold,  platinum,  mercury,  silver,  cojiper,  bis- 
muth, tin,  lead,  cobalt,  nickel,  iron,  zinc,  mangane.se, 
aluminium,  magnesium,  calcium,  barium,  lithium,  sodium, 
potassium.  We  can  only  call  it  an  electro-chemical 
series,  however,  and  we  may  determine  the  position  of 
many  elements  in  such  a series  by  }>lacing  them  two  at 
a time  in  one  liquid,  but  not  in  contact,  connecting  them 
Avith  a Avire,  and  observing  the  direction  of  the  current 
through  it.  If  Ave  use  different  liquids  Avith  the  same  tAvo 
elements  Ave  Avill  find  for  many  pairs  the  current  noAV  Hoavs 
in  one  direction  and  noAv  in  the  ojiposite.  AVe  may  also 
test  by  replacing  one  element  in  a compound  by  another. 
If  Avc  place  zinc  in  dilute  siilphuric  acid  the  zinc  turns  out 
the  hydrogen,  therefore  hydrogen  is  less  electro-positive 
than  zinc ; cadmium  also  Avill  turn  hydrogen  out,  and 
zinc  in  turn  Avill  replace  it,  so  avc  arrange  these  three — 
hydrogen,  cadmium,  zinc. 

Thenard’s  classification  of  the  metals  Avas  based  on  the 
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temperature  at  ■\vliich  they  decomposed  water.  It  is 
somewhat  as  follows  : — 

I.  INIetals  decomposing  water  at  ordinary  temperature, 
as  jwtassinm,  sodium,  lithium,  producing  alkalies, 
and  barium,  strontium,  and  calcium,  producing 
alkaline  earths. 

II.  ]\[etals  decomposing  water  at  100°  C. — magnesium 
and  aluminium. 

III.  Metals  decomposing  water  at  a red  heat. 

{a)  Those  which  also  give  off  hydrogen  in 
presence  of  cold  dilute  acids — manganese, 
'due,  iron,  nickel,  cobalt,  cadmium,  chro- 
mium. 

(b)  Those  which  give  off  hydrogen  in  presence 
of  boiling  alkalies — tm,  antimony. 

IV.  ]\Ietals  decomposing  water  at  a white  heat,  hut 

giving  off  no  hydrogen  when  treated  with  cold 
acids — copper,  lead,  bismuth. 

The  oxides  of  the  metals  of  all  the  above  groups  are 
not  decomposed  by  heat  into  metal  and  oxygen. 

V.  IMetals  which  do  not  decompose  water  at  any  tem- 
perature, and  of  which  the  oxides  when  heated 
are  resolved  into  oxygen  and  metal  (noble  metals) 
— mercury,  silver,  gold,  'platinum. 

This  is  not  a satisfactory  classification  in  many  ways. 
jManganese  most  probably  should  be  relegated  to  Class 
II.,  and  the  real  position  of  aluminium  is  doubtful. 
Traces  of  impurity  make  great  differences  in  such 
reactions.  Pure  zinc  placed  in  pure  dilute  sulphuric 
acid  gives  off  no  hydrogen,  but  if  a drop  of  a solution  of 
a lead  or  copper  salt  be  added,  action  begins  vigorously 
from  galvanic  action  thus  set  up  between  the  zinc  and 
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the  lead  or  copper  deposited.  Another  classification 
which  has  many  points  of  advantage  is  that  based  on  the 
atomicity  of  the  element,  that  is,  on  the  nnmber  of  atoms 
of  hydrogen  which  can  combine  witli  or  replace  one 
atom  of  the  clement.  AVe  will  not  go  into  this  in  any 
fnrther  detail,  but  consider  one  classification,  which,  if 
not  based  directly  on  atomicity  or  valency,  at  any  rate 
brings  it  out  as_a  prominent  feature. 

There  are  many  groujis  of  the  elements  which  form 
Avell-defined  families,  each  member  differing  in  a more 
or  less  definite  way  from  its  companions,  for  example, 
the  chlorine  family,  where,  if  we  arrange  tlie  members 
in  the  order  of  their  atomic  weights — that  is,  fluorine, 
chlorine,  bromine,  and  iodine — we  liave,  as  far  as 
hydrogen  and  the  metals  are  concerned,  far  greater 
chemical  activity  displayed  the  lower  the  atomic  weight, 
but  just  the  reverse  with  regard  to  oxygen,  for  iodine 
pentoxide  is  a stable  body,  but  all  the  oxides  of  chlorine 
are  eminently  unstable  and  readily  decompose  into  their 
elements  with  explosive  violence,  and  at  jiresent  no 
oxygen  compounds  of  fluorine  are  knoAvn.  It  is  only 
recently  that  hydrofluoric  acid  has  been  satisfactorily 
decomposed  and  the  fluorine  separated  from  the  hydro- 
gen. Iodine,  on  the  other  hand,  forms  the  unstable 
and,  under  certain  circumstances,  explosive,  hydriodic 
acid. 

Taking  electro-positive  elements,  Ave  have  lithium, 
sodium,  potassium,  rubidium,  and  caesium.  Again,  as  the 
atomic  Aveight  increases,  Ave  have  a definite  increase  in 
the  tendency  to  form  compounds  Avith  oxygen,  Avhich  are 
more  and  more  difficult  to  decompose,  caesium  only  having 
been  obtained  q\iite  recently  in  the  free  state  because 
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of  the  very  great  difficulty  of  separating  it  from  the 
negative  elements  with  which  it  was  combined. 

There  seems,  then,  to  ho  a certain  connection  hetween 
the  atomic  weight  and  the  chemical  behaviour  of  the 
memhers  of  families  of  the  elements  wliether  we  look  at 
the  non-metals  or  at  the  metals. 

Xewlands,  in  1864,  pointed  out  that  if  we  arrange 
the  elements  in  the  order  of  their  atomic  weights  we 
have  them  breaking  naturally  into  groups  of  seven,  in 
which  the  first  member  of  each  set  is  of  a similar 
nature,  and  in  the  same  Avay  Avith  the  second,  third,  and 
so  on.  XcAvlands  expressed  this  periodic  recurrence  of 
the  properties  of  the  elements  thus  arranged  in  Avhat  he 
termed  the  laAv  of  octaves,  so  called  because  each  eighth 
and  fifteenth  element,  starting  from  any  element  as  the 
first,  seemed  to  be  related  to  one  another  in  much  the 
same  Avay  as  a note  in  music  to  its  octaves. 

This  mode  of  classification  has  been  carried  out  and 
elaborated  in  much  greater  detail  by  Mendelejeff,  Lothar 
Meyer,  and  others. 

Tlie  Periodic  Law  may  be  briefly  stated  thus  : — The 
properties  of  the  elementary  substances  vary  in  a 
periodic  manner  Avith  their  atomic  Aveights. 

If  Ave  arrange  all  the  elements  at  present  knoAvn  Ave 
find  not  only  a fcAV  gaps,  but  also  in  several  cases 
groups  of  three  or  four  elements  of  almost  identical 
atomic  Aveight,  and  very  similar  properties,  as  cobalt, 
nickel,  iron,  and  manganese.  These  seem  to  tend  to 
recur  at  the  end  of  each  second  series,  and  jNIendelejeff 
calls  the  series  alternately  large  and  small  periods,  as  Ave 
see  in  the  folloAving  table,  Avhich  gives  his  arrange- 
ment of  the  elements,  along  Avith  their  densities  and 
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atomic  volumes.  The  plate  shows  Lothar  Meyer’s  curve 
of  the  atomic  volumes.  The  melting  points  and  other 
physical  constants  show  a periodic  variation  similar  to 
that  of  the  atomic  volumes. 

Looking  hrielly  at  the  various  series  as  they  are  pre- 
sented to  us  in  the  talde,  we  have  first  of  all  tlie 
isolated  hydrogen,  the  otlier  members  of  its  period 
being  at  present  entirely  nidaiown.  Its  reactions 
indicate  a metallic  nature,  and  it  may  1)C  regarded  as 
the  vapour  of  a very  volatile  metal. 

The  other  meml)ers  of  tlie  series  seem  to  set  into 
two  groups,  those  of  the  small  periods  forming  one 
grou]'),  and  those  of  tlie  larger  periods  forming  the 
other. 

In  some  of  their  compounds  at  least  all  act  as 
monads.  Copper,  although  a dyad  in  ordinary  copper 
sulphate  and  oxide,  forms  several  very  stable  com})ounds 
in  which  it  may  be  compared  to  silver,  as  cuprous 
sulphide,  Cu^S,  cuprous  iodide,  CuoL,,  cuprous  oxide, 
Cu^O.  Gold  behaves  also  as  a monad  in  aurous 
chloride,  AuCl,  though  its  commoner  compounds  are  of 
the  type  of  auric  chloride,  A11CI3  and  KAuCl^. 

Silver,  although  in  many  ways  very  unlike  the  alkali 
metals,  is  undoubtedly  a monad,  as  we  see  from  its 
forming  an  alum,  silver  suljihatc  taking  the  place  of  the 
potassium  sulphate  in  ordinary  alum.  This  alone  is 
not  sufheient  to  i>lace  it  in  this  group,  for  we  must 
remember  that  thallium  also  forms  an  alum.  Silver 
oxide  is  a jiowerful  base,  and  comiiletely  neutralises  the 
strongest  acids.  Sodium  is  the  other  metal  which 
is  in  the  small  periods;  and,  although  it  differs  in 
many  ways  from  potassium,  it  is  so  unlike  silver. 
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Atomicitj', 

Typical  Compound, 

I. 

NnCl 

II. 

BcCl2 

III. 

BCI3 

IV. 

CCI4 

V.  or  III. 
NHiCl  NH3 

VI.  or  II. 
SO3  HoO 

VII.  or  I. 
CI2O7  HF 

Atomic  Weight, 

Hydrogen. 

1-003 

_ 

_ 

_ 

— 

-- 

— 

- 

- 

- 

Atomic  Weight,  . 

Lithium. 

7-03 

BervlUum. 

9-1 

Boron. 

iroi 

Carbon. 

1200 

Nitrogen. 

14-04 

Oxygen. 

16-00 

Fluorine. 

19-00 

__ 

_ 

- 

Density,  .... 

•50 

1-85 

2-GS 

3-3 

— 

— 

— 

— 

— 

Atomic  Volume,  . 

11-9 

4-9 

4-1 

3-G 

~ 

— 

— 

Atomic  Weight, 

Sodium. 

23-Ofi 

Magnesium. 

24-38 

Aluminium 

27-1 

Silicon. 

28-4 

Phosphorus. 

31-03 

Sulphur. 

32-06 

Chlorine. 

35-45 



_ 

_ 

Density,  .... 

•97 

1-74 

2-49 

2-56 

2-3 

2-04 

i "SB 

— 

— 

— 

Atomic  Volume, 

23^7 

14-0 

10-7 

11-2 

13-5 

15-7 

25-7 

— 

— 

Atomic  Weight, 

Potassium. 

39-14 

Calcium. 

40-0 

Scandinm. 

441 

Titanium. 

48-1 

Vanadium. 

51-2 

Chromium. 

52-2 

Manganese. 

55-0) 

Iron, 

56-0 

Cohalt. 

59 

Nickel. 

59 

Density,  . 

■8G 

1-57 

— 



5-5 

6-8 

8-0 

7-8 

8-5 

Atomic  Volume,  . 

4-7 -4 

25-4 

— 

9-3 

7-7 

G-9 

7-2 

6-9 

6-7 

Atomic  Weight, 

Copper. 

63-3 

Zinc. 

65-5 

Gallium. 

60-9 

Gei-manium 

72-3 

Arsenic, 

75-C 

elenium, 

79-1 

Bromine. 

79-96 

_ 

_ 



Densitj’,  .... 

S-8 

7-15 

5-9G 

5-47 

5-67 

4'6 

2-97 

— 

— 

— 

Atomic  Volume,  . 

7-2 

9-1 

11-7 

13-2 

13-2 

17-2 

26-9 

— 

— 

— 

Atomic  Weigltt, 

Rubidium. 

85-4 

Strontium. 

87-5 

Yttrium, 

88-7 

Zirconium. 

90-7 

Niobium. 

94-2 

Jlolybdemnu 
95-9  * 

Ruthenium. 

101-7 

Rhodium. 

103 

Palliuliuin. 

106 

Density 

1-52 

2-5 



4-15 

7-06 

() ' li  d u'lu 

— 

12-26 

12-1 

11-5 

Atomic  Volume,  . 

56-1 

35-0 

— 

21-7 

13-3 

11-1 

— 

8-3 

6-5 

9-2 

Atomic  Weight, 

Silver. 

107-94 

Cadmium. 

112-1 

Indium. 

113-7 

Tin. 

llS-1 

Antimony. 

120-3 

Tellurium. 

125 

Iodine. 

126-86 

Densitj',  . . ' . 

10-5 

8-65 

7-42 

7-29 

6-7 

6-25 

4-95 

— 

— 

— 

Atomic  Volume,  . 

10-3 

12-9 

15-3 

16-1 

18-0 

20-0 

25-6 

— 

— 

— 

Atomic  Weight, 

Cajsium. 

132-9 

Ravium. 

137-0 

Lanthantmi. 

138-5 

Cerium. 

140-2 

Densit)’,  .... 

1-88 

3-75 

G-1 

G-7 





— 

— 

— 

— 

Atomic  Volume, 

70-G 

3G-5 

22-7 

20-9 

— 

— 

— 

— 

— 

— 

Atomic  Weight, 

Erbium. 

IGG 

Tantalum. 

183 

Tungsten. 

184-0 

Osmium. 

192 

Iridium 

193-2 

Platinum, 

194-8 

Densitj',  .... 

— 







10-8 

19-13 



22-48 

22-42 

21-5 

Atomic  Volume,  . 

— 

— 

— 

— 

17-0 

9-6 

— 

8-5 

8-6 

9-1 

Atomic  Weight, 

Gold. 

197-2 

Jlereuiy. 

200-4 

Tliallimn. 

204-1 

Lead. 

206-91 

Bismuth. 

208-0 

Density,  .... 

19-3 

14-19 

11-86 

11-38 

9-82 









Atomic  Volume,  . 

10-2 

14-1 

17-2 

18-2 

21-1 

— 

— 

— 

— 

— 

Atomic  Weight, 

Thorium. 

232-4 

Uranium. 

239-4 

Density,  .... 







11-0 



18-68 









Atomic  Volume,  . 

— 

— 

— 

21-1 

— 

12-8 

— 

— 

— 

— 

pp.  68,  69. 


CURVE  SHOWING  VARIATION  OF  ATOIJIC  VOLUME  WITH  ATOMIC  WEIGHT. 


SECOND  SERIES  OF  ELEMENTS. 


69 


copper,  and  gold,  and  so  much  more  like  the  remaining 
metals,  that  it  is  a serious  impediment  in  the  ■way  of 
adopting  the  double  period  as  a natural  arrangement. 

Lithium  is  in  many  points  even  more  unlike  the 
remaining  elements  of  the  group,  as  it  forms  no  alum, 
and  has  an  almost  insoluble  carbonate  and  phosphate  ; 
the  carbonate  is  much  more  soluble  in  carbonic  acid 
than  in  pure  ■water,  and  is  reprecipitated  on  boiling, 
hence  it  much  more  resembles  a member  of  the  calcium 
than  of  the  potassium  group.  Potassium,  rubidium,  and 
Ccesium  resemble  each  other  so  much  in  almost  all  points, 
that  it  is  very  difficult  to  separate  them  from  one  another. 
They  form  a very  well-defined  family,  with  their  pro- 
})crties  varying  with  their  atomic  weights. 

The  second  series,  of  which  there  are  again  two  sets 
alternating  with  one  another,  have  their  oxides  of  the 
general  formula  ]\IO,  and  arc  typical  dyads.  The  two 
sets  are — beryllium,  calcium,  strontium,  and  barium ; 
and  magnesium,  zinc,  cadmhun,  and  mercury. 

That  which  is  most  out  of  its  place  is  beryllium, 
which  has  no  especial  resemblance  to  any  other  member 
of  the  entire  groiq).  As  we  have  already  seen,  it  was 
doubtful  whether  its  atomic  weight  should  be  9T,  or 
half  as  much  again.  Its  chemical  properties  alone  were 
not  decided  enough  to  give  anv  definite  indication  as  to 
the  true  formula  of  its  simplest  oxide. 

Calcium,  strontium,  and  barium,  again,  form  one 
extremely  well-defined  group,  showing  the  variation  in 
ju’operties,  such  as  the  solubility  of  their  sulphates  i--- 
and  of  their  hydrates,  which  arranges  them  in  order 
as  well  as  contrasts  them  with  the  other  half  of 
the  series.  INIagnesium,  zinc,  and  cadmium  also  form 
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a well-marked  group,  in  spite  of  the  different  groups 
into  which  they  fall  in  ordinary  qualitative  analysis. 
Their  soluble  sulphates  and  insoluble  oxides  mark 
them  off  rather  sharply  from  the  calcium  group. 
The  elements  themselves  strongly  resemble  one  another 
in  general  physical  properties,  as  in  volatility.  IMercury 
is  in  many  respects  more  like  the  members  of  some  of 
the  other  groups,  and  from  a general  knowledge  of  its 
salts  and  other  compounds,  ?)iie  would  undoubtedly  have 
placed  it  along  with  copper  and  silver.  The  reasons 
(aj)art  from  atomic  weight)  for  placing  copper  in  the 
first  series  hold  with  equal  force  for  mercury. 

In  the  third  series  we  have  very  few  elements  whose 
properties  have  been  sufficiently  studied,  as  several  are  of 
groat  rarity.  The  first  and  second  members  ])oint  to  a 
tendency  to  act  into  two  groups,  as  in  the  groups  Ave 
have  already  considered.  They,  however,  differ  more 
than  the  previous  groups,  Avhich  were  entirely  made  up 
of  Avell-defined  metals,  but  boron  has  in  no  way  any 
metallic  properties,  and  the  only  apparent  justification 
of  their  being  placed  together  is  tliat  their  oxides  are  of 
the  form  M2O3.  It  is  very  doubtful  Avhether  aluminium 
is  a real  triad,  probably  only  a pseudo-triad,  that  is,  two 
atoms  take  six  of  chlorine,  but  they  must  be  united  to 
one  another,  hence  are  really  treated  as  A1  - Al,  AbCl,; 
corresponding  to  C2CI,;  much  more  strictly  than  AbOg  to 
TgOg.  Boron  unites  with  hydrogen  to  form  a hydride, 
Bllg,  and  resembles  carbon  and  silicon  in  the  varia- 
tions of  its  specific  heat  as  avcU  as  in  its  allotro})ic 
modifications. 

Aluminium,  on  the  contrary,  is  a very  Avell  defined 
metal,  dissolving  readily  in  dilute  hydrochloric  acid 
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with  evolution  of  hydrogen.  Its  oxide  undoubtedly  acts 
as  an  acid  oxide  to  strong  bases,  such  as  the  oxides  of 
sodium  and  })otassium,  forming  soluble  salts,  from  which 
it  may  be  expelled  by  carbonic  acid. 

The  fourth  series  are  well-marked  tetrads,  of  Avhich 
the  stable  oxides  usually  have  the  formula  MO2,  and 
cldorides  MCl^.  They  are  likewise  more  or  less  divisible 
into  two  groups,  which  we  might  characterise  as 
metallic  and  non-metallic,  germanium,  tin,  and  lead  being 
undoubtedly  metallic.  Silicon,  Avhich  ought  to  be  one  of 
this  group,  possesses  far  more  of  the  tendencies  of  the 
remaining  members.  Carbon  is  remarkable  for  its 
great  power  of  combining  with  itself  to  form,  as  it  were, 
the  very  complicated  skeletons  of  innumerable  organic, 
substances.  The  silicates,  from  their  complicated  con- 
stitution, indicate  a similar  tendency  to  form  apparently 
large  molecules. 

Tin  and  lead  each  form  two  well-defined  oxides,  cor- 
responding in  formula  to  CO  and  COo.  In  the  case  of 
lead,  however,  we  can  hardly  call  the  dioxide  a basic 
oxide.  It  rather  behaves  as  an  acid  forming  oxide, 
and  combines  with  basic  oxides  to  form  salts.  The 
monoxide  indicates  likewise  the  same  tendency.  Both 
oxides  of  tin  act  as  anhydrides,  forming  stannites  and 
stannates,  besides  acting  as  bases  and  giving  rise  to 
stannous  and  stannic  salts.  Titanium  dioxide,  as  rutile, 
is  isomorphous  with  tin  dioxide  as  cassiterite.  The 
fiuotitanates  very  much  resemble  the  fluosilicates. 

In  the  fifth  series  we  have  perhaps  got  the  best 
natural  group  in  the  whole  table,  although  separable,  as 
in  the  other  series,  into  two  groups  consisting  respec- 
tively of  the  alternate  members  ; yet,  as  a whole,  their 
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points  of  similarity  are  so  strongly  marked  as  to  have 
indicated  their  belonging  to  the  same  group  vithout  the 
periodic  law.  This  is  especially  seen  in  the  formulae  of 
the  oxides  luid  M^(  and  their  compounds  -with 

bases.  The  isomorphism  of  the  vanadates  Avith  the 
phosj)hates  and  arsenates  Avas  one  of  the  reasons 
for  selecting  51  as  the  atomic  Aveight  of  Avanadium 
although  the  vapour  densities  of  the  oxychloride  and 
the  tetrachloride  point  conclusively  to  the  same  number. 
The  existence  of  a tetrachloride,  and  esiiecially  one 
stable  in  the  gaseous  condition,  is  e.xce])tional  in  this 
group,  Avhich  are  Avell-marked  triads  or  jientads.  The 
liydrides  of  the  form  IMIIg  tend  to  combine  Avith  acids 
to  form  salts  by  direct  addition.  This  is  rendered  more 
apparent  in  the  com})ound  i)hosphines,  arsines,  &c.,  as 
1^(0113)3,  As(C2ll5)3,  &c.,  than  in  the  ordinary  hydrides, 
although  phosphonium  iodide,  PII^T,  is  readily  prepared, 
as  may  be  also  PlI^Cl  under  considerable  pressure  and 
at  a loAV  temperature.  The  pentachlorides,  as  phosphorus 
pentachloride  and,  Avhat  is  of  the  same  type,  ammonium 
chloride,  Avhen  Amlatilised  tend  to  break  up  into  mole- 
cules of  the  type  MIL  + IP,  as  AlLCl  = bill.,  + IICI, 
and  PCls^Pcia  + Cl.,. 

Series  VI.  is,  again,  formed  of  tAvo  more  or  less  Avell- 
defined  groups,  in  Avhich  Ave  have  the  Avell-knoAvn 
group  of  the  three  similar  elements  Avith  progressive 
])roperties — sul2)hur,  selenium,  and  tellurium.  For  some 
time  the  atomic  Avcight  assigned  to  tellurium  kept  it 
out  of  its  ])lace,  as  it  Avas  taken  as  129  until  Prauner 
redetermined  it,  and  pointing  out  the  errors  in  jirevious 
determinations  shoAved  it  to  be  about  125.  Oxygen,  and 
sulphur  Avith  its  congeners  form  delinite  compounds  of 
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tlic  type  the  other  series  forming  chlorides  of  the 

type  MCI3,  or  M.^Cly,  and  even  iSfCl^ ; hut  their 

strongest  resemblance  is  in  the  tendency  of  all  to  form 
salts  of  the  form  -where  may  he  a memher 

of  cither  series,  the  sulphates  and  the  chromates  being,  as 
already  pointed  out,  strictly  isomorphous,  and  thus  link- 
ing the  two  series  together.  Sulphur  and  oxygen  resendjle 
one  another  very  strongly  in  their  coni})Ounds  as 

KjS  + CSo  = KoCS3  (thiocarbonate) 

K^O  + COo  = K2CO3  (carbonate) 
and  l>y  boiling  a solution  of  the  thiocarhoiiate 
K3CS3  + 3IEO  = K.3CO3  + 3H.S 

and 

2Xa.,S03  + 0.  = 2X3.8(003)  = 2Xa.,S04  (sulphate) 

2X33803 + S.  = 2Na.S(S03)  = 2Na.S.03  (tliiosulphate) 

The  oxychlorides  of  the  series  indicate  more  clearly 
than  the  simple  chlorides  the  analogy  hetAveen  the 
metallic  and  the  non-nietallic  groups. 

The  last  regular  series  is  far  from  complete  as  regards 
Avhat  Ave  might  say  the  classification  requires,  for  aa’c 
huA’c  only  the  AA'cll-defined  family  of  the  halogens  and 
the  alternate  member  manganese,  Avhich  at  first  sight 
seems  to  he  quite  out  of  place ; and  it  cannot  he  said, 
\q)ou  investigation,  to  shoAv  any  strong  resemblance, 
except  that  the  jAerchlorates  and  permanganates  of  many 
metals  are  isomorjdious,  as  XiNInO^  and  KCIO^,  or, 
more  probably,  K^iNIn^Og  and  K2CI2OS.  But  Ave  are 
unacquainted  Avith  any  salts  of  the  halogens  of  a similar 
constitution  to  the  mangaiiatcs,  in  fact,  they  correspond 
to  the  sulphates,  the  formula  of  i)otassium  manganate 
being  KoMnO^,  corresponding  to  K.SO^.  It  has  been 
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stilted  that  almost  colourless  crystals  of  XiioMiiO^, 
lOlIgO,  isomorplious  with  IShioSO^,  lOIIoO,  have  been 
olitaiued ; the  existence  of  this  salt  is,  however,  dis- 
puted. As  the  ferrates  resemhle  in  every  Avay  the 
manganates,  }>robahly  manganese  should  I’iither  be 
grouped  Avith  iron  and  classed  Avith  those  elements 
Avhich  are  someAvhat  thorns  in  the  side  of  the  periodic 
arrangement  of  the  elements.  The  great  similarity 
of  the  halogens  is  very  strongly  marked  in  their 
hydrides  and  in  their  oxygen  salts.  Iodine  tends  to 
act  also  as  a triad,  as  in  ICI3. 

From  Avhat  has  been  said  above,  it  is  quite  ai)})arent 
that  there  is  a distinct  relation  betAveen  the  atomic 
Aveight  and  the  physical  and  chemical  properties  of  the 
elements,  but  it  is  equally  plain  that  Ave  must  not  carry 
our  deductions  from  the  atomic  Aveight  to  too  great 
a length.  From  the  number  of  elements  Avhich  are  at 
present  linked  Avith  those  most  certainly  unlike  them, 
Ave  can  hardly  suppose  Ave  have  yet  got  the  best  possible 
classification.  In  tlie  above  remarks  very  little  notice 
has  been  taken  of  the  rarer  elements,  many  of  the 
properties  of  Avhich  have  not  been  iiiA'estigated 
suliiciently.  The  classification  of  INIendelejefi’  has 
undoubtedly  been  very  much  strengthened  by  the  dis- 
covery of  three  neAV  elements  since  he  enunciated  his 
periodic  hiAA",  and  by  his  foretelling  the  discovery  of 
three  elements  to  fill  gaps  in  the  series,  and  of  Avhich  he 
predicted  the  atomic  Avcight,  the  density,  and  general  phy- 
sical and  chemical  properties  of  each.  These  three  elements 
are  scandium,  gallium,  and  germanium,  Avhich  he  termed 
respectively,  eka-boron,  eka-aluminium,  and  eka-silicon. 
It  is  noteAvorthy  that  the  discoverer  of  gallium,  Lecoq 
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do  Boisbaudran,  at  first  attributed  to  it  the  density  of 
4 '7,  -wbilst  Mcndelcjeff  predicted  5 ’9  for  Ids  eka- 
aluminiuni ; l)ut  wlien  purer  specimens  u'ere  obtained 
5 ’96  was  found  to  l>e  its  true  density.  Nilson  assigned 
to  scandium  the  atomic  weiglit,  170,  from  a determina- 
tion with  impure  material,  and  Cleve  showed  it  must  be 
about  45.  Da  further  investigation  Xilson  proved  it  to 
liave  the  atomic  weight  of  44. 

A further  support,  as  above  mentioned,  was  derived 
from  the  revision  of  the  atomic  weight  of  tellurium  by 
Brauncr,  the  number  formerly  taken  as  its  atonuc 
Aveight,  129,  placing  it  on  the  Avrong  side  of  iodine. 
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C 11  APT  Eli  V. 

CLASSIFICATION  OF  COMPOUNDS— ACIDS,  BASES,  SALTS. 

Among  tlic  comnioner  coini)ouiids  ivliicli  occur  in  every- 
day life,  three  classes  stand  out  })rominently — in  fact,  the 
majority  of  inorganic  compounds  may  he  regarded  as 
helonging  to  one  of  these  three.  The  three  classes  are 
respectively  acids,  bases,  and  salts. 

Compounds  of  all  the  elements  -with  o.\ygen  are 
known  Avith  one  exception — viz.,  lluorine.  Most  of 
these  again  combine  Avith  Avater  to  form  hydrates.  Some 
of  these  hydrates  are  termed  acids,  some  bases. 

Those  elements  Avhich  yield  basic  hydrates  are  termed 
metals.  Those  Avhich  yield  none  but  acids  are  called 
non-metals. 

An  acid  may  be  defined  as  a compound  of  hydrogen 
Avith  an  electro-negative  element,  or  group  of  elements, 
the  hydrogen  being  replaceable  either  entirely  or  in 
})art  by  a metal  Avhen  presented  to  it  in  the  form  of  a 
liijdrated  o.xide  or  base,  a salt  and  water  being  })roduccd. 

E.xam})les  : — 

.Acid.  n.Tsc.  Sjilt.  AVatci'. 

IlCl  I-  NallO  = XaCl  + ILO 

II,,S(h-l-  CulLO.  = CUSO4  -1-  21I.p 

011XO3  1-  biiEO;.  = ni(NOA,  i- 

The  properties  of  an  acid  are,  as  a rule,  suHiciontly 
marked.  It  possesses  a sour  taste,  turns  vegetable  blues 
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(such  as  litmus)  to  red,  corrodes  metals  such  as  iron  and 
zinc,  generally  with  evolution  of  a gas.  A base,  on  the. 
other  hand,  if  solul)lo  in  water,  has  a hitter  taste, 
restores  again  the  hlue  colour  to  the  vegetahle  colour 
reddened  hy  acids. 

Amongst  the  earliest  quantitative  experiments  on 
acids  and  bases  arc  those  of  Ilomberg  already  referred 
fit,  who  endeavoured  to  determine  the  equivalents 
of  the  acids  by  taking  a certain  weight  of  pota.ssium 
carbonate,  and  neutralising  it  with  various  acids, 
and  weighing  the  dry  .salt  resulting  from  the  action. 
About  eighty  years  after,  one  of  the  last  of  the  alche- 
mists, "Wenzel,  was  the  first  to  give  an  explanation  of 
the  constitution  of  salts,  and  to  enforce  it  l\y  accurately 
performed  experiments,  and  conclusions  .justly  drawn 
from  them.  To  "Wenzel  is  duo  the  idea  of  equivalency 
in  chemical  rcaction.s,  and  the  fundamental  experiment 
from  which  his  researches  and  deductions  sprung  was 
one  well  known  before  his  time.  If  .solutions  of  calcium 
nitrate  and  potassium  sulphate  are  mixed,  we  have  a 
double  decomposition  taking  place  resulting  in  the  for- 
mation of  calcium  sulphate,  (insoluble)  and  potassium 
nitrate.  The  solution  resulting  from  the  reaction  is 
neutral,  like  those  before  the  reaction. 

Tavo  strong  acids,  sul[)huric  and  nitric,  were  there, 
as  well  as  the  two  powerful  bases,  potash  and  lime. 
Before  the  reaction  the  sulphuric  acid  Avas  united  to  the 
pota.sh,  and  the  nitric  acid  to  the  lime.  After  the 
reaction  the  sulphuric  acid  found  exactly  enough  lime 
to  neutralise  it,  and  the  nitric  acid  likeAvise  the  correct 
amount  of  potash.  "Wenzel  explained  this  fully  by 
determining  the  composition  of  the  four  salts  under  con- 
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sideration,  and  the  proportion  in  whicli  they  reacted  on 
one  anotlier,  lie  found  that  123  parts  of  lime,  (CaO), 
yielded  363  parts  of  calcium  nitrate,  Ca(X03)o,  and 
therefore  united  Avith  240  ]>arts  of  nitric  acid, 
(N2O3) ; and  he  found  also  that  240  j)arts  of  sulphuric 
acid,  (SO3),  Avere  neutralised  hy  1G2T)  parts  of  lime, 
whence  he  calculated  that  123  ])arts  of  lime  ought  to 
rerpiire  181 '5  })arts  of  .sul})huric  acid.  Hut  he  had  also 
determined  that  240  parts  of  sul]»huric  acid  rerpiired 
290’4  of  potash,  (K^O),  therefore  he  .said  181 ‘o  [should 
require  220  parts  of  the  potash  and  form  401 ‘o  parts  of 
potassium  sulphate ; and  to  completely  j)recipitate  the 
lime  from  363  parts  of  calcium  nitrate  it  ought  to 
require  the  401  parts  of  potassium  sulphate.  Xow, 
on  the  precipitation  of  the  304 '5  i)arts  of  calcium 
sulphate,  he  concluded  that  the  240  parts  of  nitric  acid 
thus  set  free  must  unite  exactly  with  the  220  }>arts  of 
potash  simultaneously  liberated,  and  proved  hy  an 
analysis  that  this  Avas  so,  for  he  found  that  240  iiarts  of 
nitric  acid  united  Avith  and  neutralised  222|  parts  of 
})otash.  All  things  considered,  the  experiments  and 
analyses  of  Wenzel  Avere  Avonderfidly  accurate.  His 
researches  AA'ere  published  Avhen  the  chemists  of  the 
day  Avere  laying  the  foundations  of  modern  chemistry  on 
the  ruins  of  the  phlogistic  theory.  As  his  experiments 
seemed  to  have  little  to  do  Avith  the  liattle  then  raging, 
they  Avere  speedily  forgotten,  and  not  until  fifteen 
years  aftenvards  another  German  chemist,  Richter, 
returned  to  and  extended  the  observations  of  Wenzel, 
although  his  experiments  Avere  not  nearly  so  accurate. 

He  for  the  first  time  publi.shed  a tal)le  of  equi\’alents 
of  bases  and  acids,  Avhich  were  of  tAvo  kinds,  the 
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quantity  of  various  bases  required  to  unite  respectively 
with,  for  example,  1000  parts  of  sulphuric  acid,  and  a 
corresponding  one  for  the  ^’arious  acids  with  respect  to 
bases,  as  1000  parts  of  potash.  He  constructed  a 
series  of  tables  of  this  kind,  overlooking  the  fact  that 
one  table  could  have  given  all  the  munbers  just  as  well 
for  all  practical  purposes  by  taking  one  as  a standard,  say 
1000  parts  of  sulphuric  acid,  and  referring  all  to  that. 

Further,  however,  he  observed  that  when  a inetal 
put  into  a neutral  solution  of  a salt  precipitated  another 
metal,  the  solution  remained  neutral,  and  practically 
from  this,  concluded  that  the  weights  of  the  oxides 
required  to  neutralise  a given  quantity  of  acid,  con- 
tained the  same  amount  of  oxygen. 

For  a long  time  salts  were  regarded  as  consisting  of 
an  acid  oxide  (the  oxide  of  a non-metal)  united  to  a 
basic  oxide  (the  oxide  of  a metal),  and  this  even  in 
spite  of  the  fact  that  the  typical  salt,  common  salt  or 
sodium  chloride,  contained  no  oxygen  at  all.  'When 
chlorine  was  proved  to  be  an  element  and  to  contain  no 
oxygen,  and  when  its  relation  to  hydrochloric  acid  was 
clearly  understood,  this  view  could  no  longer  be  held, 
although  for  many  salts  and  in  studying  many  reactions 
this  mode  of  regarding  salts  was  long  adhered  to,  and 
even  now  is  the  simplest  way  of  looking  at  many 
changes.  Acids  were  similarly  regarded  as  compounds 
of  water  and  an  acid  oxide. 

When  a current  of  electricity  is  passed  through  a 
solution  of  a metallic  salt,  the  metal  appears  at  one  elec- 
trode and  the  salt  radical  at  the  other,  and  this  is  so 
whether  the  salt  contains  oxygen  or  not.  Electrolysing 
copper  chloride  we  get  copper  and  chlorine,  and  copper 
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sulphate  we  get  copper  and  the  group  (SO^),  which  at  once 
breaks  up  into  oxygen  and  sulphur  trioxide,  which  dis- 
solving in  the  water  forms  sulphuric  acid.  An  acid  treated 
in  the  same  way  gives  hydrogen  Avhere  the  salt  would  give 
a metal.  An  acid  is,  in  fact,  nothing  hut  a salt  of  hydro- 
gen, and  if  we  change  the  definition  of  an  acid  above 
given  so  as  to  make  it  do  for  a salt  we  get — a salt  is  a 
compound  of  a metal  and  an  electro-negative  element 
or  group  of  elements,  oxygen  alone  being  excei)ted. 

AVhy  is  ox}'gen  excc])ted?  Ohviou.sly,  from  our 
definition,  because  it  produces  a l)ase  M’hen  it  unites 
with  a metal,  hence  a base  may  be  defined  as  a salt  whose 
electro-negative  radical  is  oxygen  ; and  Ave  have  seen 
that  an  acid  is  a salt  avIiosc  electro-positive  element  is 
hydrogen,  and  further  that  Avhen  an  acid  and  a ha.se  act 
on  one  another,  a salt  is  })roduced,  and  at  the  .same  time, 
water.  AVe  may  learn  ]uuch  from  considering  the  ques- 
tion— Is  Avater  an  acid,  a base,  or  a salt  1 AVe  shall  be.st 
understand  its  position  by  considering  .some  common 
reactions.  Just  as  hyplacing  certain  metals  in  solutions 
of  certain  salts  avc  may  produce  ncAV  salts,  and  the  pre- 
cipitation of  the  metals  originally  in  solution,  so  liy 
adding  a base  to  a solution  of  a salt  avc  may  have  the  base 
in  combination  expelled  and  a ncAV  salt  formed.  I^otas- 
sium  hydrate  added  to  calcium  chloride  gives  calcium 
hjulrate  and  potassium  chloride,  and  calcium  hydrate 
added  to  ferric  chloride  Avill  give  ferric  hydrate  and  cal- 
cium chloride.  AVe  call  i)otassium  hydrate  a stronger 
base  than  calcium  hydrate,  and  it  again  is  said  to  be 
stronger  than  ferric  hydrate.  'When  a stronger  base  is 
added  to  a salt  of  a Aveaker  one,  the  Aveaker  base  is 
expelled.  In  the  same  Avay  Avith  acids,  if  acetic  acid  be 
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added  to  potassium  sulphate  and  the  mixture  distilled, 
we  do  not  get  sulphuric  acid  and  potassium  acetate ; hut 
if  we  begin  with  these  and  distil  we  get  acetic  acid  and 
potassium  sulphate.  Sulphuric  acid  is  said  to  be  a 
stronger  acid  than  acetic,  and  by  pouring  acetic  acid  on 
sodium  carbonate,  we  get  sodium  acetate  and  carbonic 
acid,  showing  that  acetic  is  stronger  than  carbonic  acid. 
When  a stronger  acid  is  added  to  a salt  of  a weaker  one, 
the  weaker  acid  is  expelled.  How  does  this  help  us 
with  regard  to  water  ? Acids  are  salts  of  hydrogen,  and 
therefore  water  is  the  base,  as  it  is  the  oxide  of  hydro- 
gen. If  we  burn  a non-metal,  phosphorus,  in  air  or 
oxygen,  we  get  a white  powder — phosphorus  pentoxide, 
P2b>5.  It  is  an  acid  oxide.  It  combines  with  water  with 
evolution  of  much  heat  to  form  phosphoric  acid,  IlgPO^. 

PA  + 3H.0  = 2H3P04 

Now,  if  we  try  to  separate  again  the  water  from  the 
phosphoric  acid  by  the  aid  of  heat,  we  find  it  impossible. 
We  can  get  some  of  it  away  and  leave  a new  acid,  analo- 
gous to  nitric  acid,  metaphosphoric  acid,  HPO3,  which 
may  be  regarded  as  formed  from  P20g  + II2O  = 2HPO3, 
but  this  last  hydrogen  remains.  If  we  add,  however,  a 
base  to  it  we  expel  the  weaker  base,  water. 


CaO  -f  2HPO3  = Ca(P03)2  + H„0 


Water,  then,  may  be  regarded  as  a base.  It  ought,  how- 
ever, to  be  able  to  remove  an  acid  from  a salt  and  expel 
its  base.  If  we  add  water  to  aluminium  chloride,  and 
evaporate  to  dryness,  we  get  aluminium  oxide  and 
hydrochloric  acid. 


Salt  of  „ 

aluminium. 

AbClg  -1-  3H3O 


Base. 

AI2O3 


+ 


Salt  of 
liyclrogcn. 

6HC1 


6 
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have  many  cases  in  vliicli  it  acts  partially,  as  vhen 
Avater  is  added  to  bismuth  trichloride  ve  get  bismuth 
oxychloride  and  hydrochloric  acid. 

BiCl3  + ILO  = BiOCl  + 211Cl 
Avhich  may  be  Avritten 

3BiCl3  + 8II0O  = BiCla,  Bi.Os  + GllCl 
Does  Avater  ever  act  as  an  acid  ? 

If  Ave  take  a basic  oxide  such  as  potassium  oxide,  K^O, 
and  add  Avater,  just  as  in  the  case  of  jdiosphorus  ])entoxide 
Ave  have  chemical  combination  Avith  evolution  of  much 
heat  and  a neAv  body,  potassium  hydrate,  KHO,  produced, 
from  Avhich  Ave  cannot  se]jarate  the  Avater  by  heat  alone. 

Ka0  + H„0  = 2KII0 

To  do  so,  AA'e  must  use  an  acid  or  an  acid  oxide. 

2KHO  + CO.^  = KXO3  + HoO 
KH0  + HC1  = KC1  + H.30 

The  acid,  Avatcr,  is  expelled  by  the  stronger  acids 
according  to  our  rule.  AVatcr  is  by  no  means  the  only 
oxide  Avdiich  behaves  both  as  an  acid  and  a basic 
oxide.  Aluminium  oxide  is  a very  good  exami)le  of 
another.  In  purifying  bauxite,  Avhich  is  impure  alu- 
mina, it  is  fused  Avith  sodium  carbonate,  and  Ave  have 
carbon  dioxide  expelled  and  sodium  aluminate  formed. 

AI0O3  -t-  3NaX03  = NagAl-.Ofi  + 3COo 
This  is  reversed  in  solution,  for  Avhen  carbon  dioxide  is 
jiassed  into  the  solution,  avc  have  pure  aluminium 
hydrate  preci})itated. 

Na„ ALO,;  -f-  3COo  + 3ILO  = 3NaX'03  He ALOg 
If  AVC  dissolve  this  lu'ccipitatc  in  sulj)huric  acid  Ave 
get  aluminium  sulphate,  A1._,(S04)3. 

AL(OIIb  + 3H,S04  = A1.,(S0J3  + 611,0 
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On  adding  to  tliis,  carefully,  a solution  of  a power- 
ful base,  such  as  sodium  hydrate,  we  get  exactly  the 
same  precipitate  that  we  obtainetl  formerly  with  carl)on 
dioxide,  but  now  produced  by  a basic  instead  of  an 
acid  oxide ; and  if  we  continue  to  add  sodium  hy- 
drate, the  white  precipitate  will  redissolve  and  form 
again  sodium  aluminate  from  which  carbon  dioxide 
will  reprecipitate  aluminium  hydrate.  Hence  Ave  see 
that  no  sharp  line  can  be  drawn  between  acids,  bases, 
and  salts,  and  that  the  conditions  under  which  the 
reactions  take  place  really  determine  A\diether  a body 
shall  function  as  one  or  other  of  these. 

Acids  are  classified  according  to  the  nundjer  of  hydro- 
gen atoms  in  a molecule  which  can  be  replaced  by 
metals.  Those  Avith  one  atom  re})laceable  are  termed 
monobasic,  and  of  such  acids  avo  may  instance  hydro- 
chloric, HCl ; nitric,  IIXO^;  acetic,  liCoH^Uo;  hypo- 
phosphorous,  HPII.,0.2. 

Of  dibasic,  Ave  have  hydrosul})huric,  If^S ; sul- 
phuric, tartaric,  H^Cyr^O^;;  and  phosphorous, 

ihrii()3.  “ 

t)f  tribasic,  phosphoric,  IlgPO^,  and  citric,  IlgCjjlI^Oy. 

To  determine  the  class  to  Avhich  an  acid  belongs,  avo 
may  find  out  by  experiment  hoAv  many  salts  it  can  form 
Avith  a metal  such  as  potassium.  It  is  quite  evident  that 
AVO  can  have  only  one  Avith  a monobasic  acid,  IICl  giving 
KCl,  IIXO3  giving  KNO3,  HC..H3O3  giving  IvC  JI3O3 ; 
but  in  a dibasic  acid  Ave  have  tAVO  atoms  of  hydrogen 
Avdiich  may  be  replacetl  one  by  one,  1I.,S  giving  KHS 
and  KoS,  11280^  giving  KIISO^  and  KoSO^,  1120411^0,. 
giving  KHC^H^O,,  and  Iv2C^H^03.  In  tribasic  acids 
Ave  have  a possibility  of  three  salts,  and  so  Avith  phos- 
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plioric  acid,  IlgPO^,  we  have  KllgPO^,  KoHPO^,  and 
lv3p(.),j,  and  similarly  for  citric  acid. 

The  fornmlse  of  the  three  acids,  hypoidiosphorous, 
2)hosphorous,  and  phosphoric,  arc  respectively  II3PO0, 
JI3PO3,  IlyPO^;  hut  as  we  can  only  get  one  hypophos- 
phitc  of  potassium,  and  it  has  the  formula  KPII3O3, 
hypophosphorous  acid  is  said  to  he  monobasic  although 
it  has  three  atoms  of  hydrogen,  only  one  of  these  being 
replaceable.  Idiosjdiorous  acid  similarly  is  dibasic,  for 
we  can  obtain  the  salts  KII3PO3  and  K3IIPO3,  but 
K3PO3  has  not  been  obtained.  Phosphoric  acid,  as 
above  mentioned,  gives  all  three  salts. 

Another  mode  of  determining  the  basicity  of  an  acid 
is  to  determine  the  composition  of  the  silver  salt. 
Silver  almost  invariably  turns  out  the  whole  of  the 
replaceable  hydrogen,  and  gives  us  a “normal  salt.” 
So  that  when  we  find  the  formula  of  silver  hypophos- 
phite  is  AgIIoPO.2,  we  conclude  that  (IIoPOo)'  is  the  salt 
radical  of  the  hypophosphites ; as  silver  phosphite  is 
Ag2lIP03,  (IIPO3)"  is  that  of  the  jdiosphitcs ; and  as 
silver  ortho-phosphate  is  Ag3P04,  (POJ'"  is  the  salt 
radical  of  the  ortho-phos])hates. 

It  is  quite  evident,  then,  that  in  a niolecidc  of  the 
first  two  acids  the  hydrogen  atoms  are  not  all  alike  in 
function,  and  as  ])hosphorus  may  be  represented  as  a 
pentad,  we  may  formulate  the  acids  thus  : — 

llypophospliorous  I’liospliorous  riiosi)lioiic 

acid.  acid.  acid. 
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only  those  hydrogen  atoms  which  are  united  to  the 
phosphorus  by  means  of  oxygon,  being  replaceable  by 
metals. 

Salts  are  classified  as  normal  salts,  acid  salts,  and 
basic  salts.  Some  salts  are  termed  nevitral,  but  these 
must  not  ho  confounded  with  normal  salts,  as  is  too 
often  done. 

'When  we  have  all  the  replaceable  hydrogen  of  an 
acid  exchanged  for  a metal,  we  get  a normal  salt,  as 

KCl,  KoSO„  K3PO4 
or 

CaCl.,,  CaSO^,  Ca3(POd., 

but  when  wc  have  only  part  of  that  hydrogen  replaced 
by  a metal,  an  acid  salt  results,  as 

KH.SOj,  KH3PO4,  and  K0HPO4 

This  quite  irrespective  of  its  action  on  litmus,  for  as  long 
as  replaceable  hydrogen  remains,  it  is  still  a salt  of  hydro- 
gen, and  a salt  of  hydrogen  is  an  acid. 

Acid  salts  may  be  regarded  as  composed  of  free  acitl 
and  normal  salt 

2KIISO4  = K2SO4  + H.3SO4 
3KH.3PO4  = K3PO4  +2H3"p04 
3K2HPO4  = 2K3PO4  + H3PO4 

Tills  is  very  readily  seen  by  taking  a solution  of  tar- 
taric acid,  dividing  it  into  two  equal  parts,  neutralising 
one  carefully  with  potassium  hydrate,  when  we  get 
normal  and  neutral  potassium  tartrate. 

2KIIO  + ILC4H403  = 2HoO  + K.An40„ 

Add  now  the  other  part  of  the  tartaric  acid  solution, 
which  contains  exactly  the  same  amount  of  tartaric  acid 
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as  was  neutralised,  wlien  we  get  a white  precipitate  of 
potassium  acid  tartrate,  or  hitartrate,  as  it  is  often  termed. 


K.CJI  A + II„Cdl40c= 2KHC,HA 

Common  sodium  phosphate,  XaoHPO^,  is  an  acid  salt 
hy  constitution,  although  slightly  alkaline  in  its  reaction 
towards  litmus.  Its  acid  constitution  is  readily  demon- 
strated hy  adding  to  its  solution  one  of  silver  nitrate, 
Avhich  is  also  quite  neutral,  Avhen  a 3’ellow  precipitate  of 
silver  phosphate  (normal)  is  produced  along  Avith  the 
nitrates  of  .sodium  and  hydrogeii. 

SAgXOs  + Nil  JIP04= AgaBO^  + 2NaNOa  -f-  IINO3 
Ilasic  salts  in  like  manner  may  he  regarded  as  com- 
pounds of  the  normal  salt  Avith  some  of  the  base  ; or 
Ave  may  define  them  as  a liase  Avhose  oxj'gen  is  onlj' 
in  part  replaced  hy  the  salt  radical  of  the  acid. 

Bismuth  oxide  is  BioO^ 

Bismuth  nitrate  is  Bi(NOa).5 

Bismuth  basic  nitrate  is  BiONOyOr  (Bi(N03)3,Bio0a) 


AVhen  green  ferrous  stdphate  absorbs  oxygen  (as  it 
does  Avhilc  being  dried  liefore  distillation  in  the  manufac- 
ture of  Nordhausen  sulphuric  acid),  it  liecomes  a basic 
ferric  sulphate  having  the  formula  Te.^So^^j- 


4 FeSOa-f  0o  = 2Fe2S20g 

SFc.X'Og  = 2Fe2(S04)a,  FooOs 
FeO  - SO3  = Ferrous  sulphate 


f 0 --  SO3 

4 0 - so; 
(o-so; 


= Ferric  sulphate 


Basic  ferric 
sulphate 


Neutral  salts  are  those  Avhich  are  neutral  to  test-papers, 
such  as  litmus,  and  are  those  formed  hy  the  union  of  a 
strong  acid  Avith  a strong  base,  or  of  a Aveak  acid  and  a 
Aveak  base,  hut  Avith  a strong  acid  and  a Aveak  base  the 
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normal  salts  have  always  an  acid  reaction  to  litmus, 
whilst  normal  salts  formed  from  a weak  acid  and  a strong 
base  have  an  alkaline  reaction. 

The  salts  of  potassium,  sodium,  (ammonium),  barium, 
strontium,  calcium,  magnesium,  manganese,  and  silver 
with  strong  acids  have  a neutral  reaction,  all  other  ordi- 
nary metals  giving  salts  with  an  acid  reaction.  If  we 
take  ferric  chloride  and  try  to  neutralise  it  with  potassium 
hydrate,  we  do  not  get  it  neutral  till  we  have  removed 
all  the  iron  from  the  solution.  We  can  prepare  ferric 
chloride  from  pure  iron  and  pure  chlorine,  and  obtain  the 
solid  free  from  every  trace  of  acid  ; yet,  Avhen  dissolved 
in  pure  Avater,  the  solution  very  ra[)idly  turns  turbid  and 
precipitates  ferric  hydrate,  and  a corresponding  amount 
of  hydrochloric  acid  remains  free  in  solution,  and  every 
time  AA"e  neutralise  this  hydrochloric  acid  a fresh  quan- 
tity of  ferric  hydrate  and  hydrochloric  acid  are  repro- 
duced as  long  as  any  ferric  chloride  remains  in  solution. 

Inorganic  compounds  of  other  classes  exist  Avhich 
also  may  be  looked  upon  as  salts.  When  considering 
isomorphism  the  group  of  spinelles  Avas  taken  as  an 
example ; they  Avere  shoAvn  to  be  compounds  of  tAvo 
oxides,  the  one  Avhich  contained  relatively  the  smaller 
proportion  of  oxygen  acting  as  the  base,  as  in  spinelle, 
Avhich  might  be  called  a magnesium 
aluminate,  the  magnesia  being  the  basic  oxide.  It  is 
not  the  true  aluminate,  hoAvever,  Avhich  Avould  be 
SiNIgOjAl.^Og.  ]\Iany  oxides  Avhich  have  no  correspond- 
ing series  of  salts  are  constituted  in  a like  manner. 
Peroxides,  like  manganese  dioxide,  MnOo,  are  termed 
indifferent  oxides,  but  generally,  hoAvever,  they  indicate 
a tendency  to  act  as  feeble  acid  oxides. 
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Many  compounds,  sucli  as  nitrides,  sulphides,  phos- 
phides, and  other  hinary  compounds,  which,  though 
logically,  and  according  to  our  definition,  are  salts,  are 
yet  classed  separately.  If  we  look  at  the  nitrides  we 
may  see,  perhaps,  A\diy  this  is  so.  "We  give  the  name 
hydrosulphuric  acid  to  the  common  compound  of  sulphur 
Avith  hydrogen,  and  usually  regard  the  corresponding 
compounds — the  sulphide.s — Avhich  Ave  obtain  by  double 
decomposition  or  otherAvise,  as  salts,  although  the  solu- 
tion of  hydrosulphuric  acid  possesses  a very  feeble  acid 
reaction.  In  the  case  of  ammonia,  hoAvever,  Avhich  is 
the  corresponding  nitrogen  derivative,  Ave  have  a poAver- 
fully  basic  body,  Avhich  is  capable  of  neutralising  the 
strongest  acids,  but  by  its  reactions  Avith  the  oxides 
of  metals  Ave  may  obtain  many  of  the  nitrides.  Ily 
passing  at  a carefully  regulated  temperature  ammonia 
gas  over  copper  oxide  Ave  get  a salt  and  Avater  formed. 

2NII3  + 3CuO  = 3C113N2  + 3HoO 

Copper  nitride,  CugjNo,  is  a poAvder  of  an  olive-green 
colour,  and  may  be  used  as  a source  of  pure  nitrogen  as 
it  readily  decomposes  into  its  elemejits  at  a higher  tem- 
perature. By  adding  ammonia  to  a solution  of  mercuric 
chloride  Ave  get  (NIC)'  taking  the  place  of  (Cl)'. 

HgClo  + 2NHs  = IIgCl(NH.,)  + NH4CI 

This  may  be  regarded  as  an  evidence  of  its  acting  as 
a tribasic  acid,  but  of  this  better  examples  are  the  th.ree 
compounds  of  the  alkali  metals  formed  by  passing  dry 
ammonia  gas  over  the  metal  at  a high  temperature  Avhen 
Ave  obtain  Avith  sodium  NII.,Na,  NIINa.,,  and  NNa^. 

Phosphine,  Pllg,  Avhich  is  quite  analogous  to  ammonia, 
precipitates  copper  phosphide,  CugPo,  from  a solution  of 
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copper  sulphate ; and  stihine,  ShHg,  precipitates  silver 
antimonide,  SbAgg,  when  passed  through  a solution  of 
silver  nitrate,  a reaction  used  in  the  separation  of  anti- 
mony and  arsenic  in  qualitative  analysis. 

As  we  have  seen  with  the  classification  of  the 
elements,  we  can  hardly  in  any  case  draw  hard  and 
fast  lines  of  separation  between  groups,  and  that  the 
two  classes  of  substances,  acids  and  bases,  which  are 
usually  regarded  as  of  the  most  opposite  nature,  gradu- 
ally merge  into  one  another,  and  that  many  substances 
may  act  as  either,  according  to  the  circumstances.  AVe 
also  saw  that  in  the  placing  of  the  elements  in  electro- 
chemical order  Ave  might  liaA^e  one  element  either  positive 
or  negative  to  another,  according  to  circumstances.  As  a 
general  rule,  however,  our  definitions,  as  above  given, 
hold,  viz.,  that  the  oxides  of  the  metals  act  as  bases,  and 
that  the  loAver  the  proportion  of  oxygen  the  stronger  the 
base,  that  the  compounds  of  hydrogen  Avith  the  non- 
metals,  and  Avith  electro-negative  radicals,  AA'hich  consist 
usually  of  one  of  the  non-metals  along  Avith  more  or 
less  oxygen,  act  as  acids. 

Lavoisier  gave  to  the  gas  previously  knoAvn  by  the 
names  of  “ vital  air  ” and  “ dephlogisticated  air,'”  that  of 
oxygen,  as  he  supposed  it  to  bo  not  only  a necessary 
constituent  of  every  acid,  but  in  fact,  Avhat  its  name 
indicates,  the  acid  producer.  Although  many  Avell-knoAvn 
acids  are  quite  free  from  oxygen,  and  do  not  even  require 
the  presence  of  Avater,  yet,  as  Ave  shall  see,  especially 
Avhen  Ave  consider  the  compounds  of  carbon,  that  the 
name  is  by  no  means  inappropriate.  If  Ave  look  at  the 
oxides  of  many  of  the  elements,  Ave  see  this  very  plainly  ; 
take  as  an  example  the  oxides  of  manganese — 
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Manganous  oxide,  ]MnO,  is  a i)o\verful  base,  neutralising 
the  strongest  acids. 

Trimanganic  tetroxide,  Mn30j  = Mn0,Mn^03. 

Manganic  oxide,  Mn^Oa,  a very  weak  base. 

Manganese  dioxide,  MnO^,  an  indiirerent  oxide,  tending  to 
combine  with  bases,  as  in  Weldon  mud,  which  may  be  re- 
garded as  Ca]\InO;j  — CaO,Mn0.j. 

Manganic  anhydride,  (M11O3),  forms  a feeble  acid,  unknown 
in  the  free  state. 

Permanganic  anhydiude,  (MiiaO;),  forms  a strong  acid  and 
well-defined  salts. 

Or  those  of  nitrogen — 

Nitrous  oxide,  or  hyponitrous  anhydride,  NoO,  gives  salts 
as  AgXO,  very  unstable. 

Nitrous  anhydride,  N^Oa,  gives  salts  as  AgNO^,  stable. 

Nitric  anhydride,  NoOg,  gives  salts  as  AgXOa,  very  stable. 

With  chlorine  we  have — 

Hydrochloric  acid,  IICl,  a strong  acid. 

Hypochlorous  acid,  HCIO,  a very  weak  acid. 

Chlorous  acid,  llClOa,  a weak  acid. 

Chloric  acid,  llClOa,  a fairly  strong  acid. 

Pei'chloric  acid,  IlClOa,  a very  strong  acid. 
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CHAPTER  YL 

CLASSIFICATION  OF  COMPOUNDS — CARBON  COMPOUNDS. 

The  compounds  of  carlion  are  usually  treated  as  if  more 
or  less  separated  from  the  compounds  of  all  other 
elements.  This  is  due,  as  previously  pointed  out,  to 
the  reniarkahle  -way  in  which  carlion  unites  -with  itself 
to  form  the  frameumi'k  of  compounds  of  very  complex 
nature,  and  as  many  of  these  bodies  v'ere  first  obtained 
from  plants  and  animals  or  their  remains,  the  term 
organic  chemistry  came  to  ho  applied  to  the  chemistry 
of  the  carbon  compounds.  In  all  of  these,  with  one 
solitary  well-defined  exception,  carbon  may  he  regarded 
as  a tetrad  ; hut  in  that  one  exception,  earhon  monoxide, 
carbon  behaves  as  a dyad.  This  is  readily  seen  by  the 
tendency  of  carbon  monoxide  to  take  up  an  atom  of 
oxygen  or  a molecule  of  chlorine,  and  the  carbon  then 
becomes  a tetrad,  the  compounds  having  the  formulas 
COo  and  COCh.  Tliere  is  no  doubt  Avhatever  regard- 
ing the  formula  of  carbon  monoxide,  the  ratio  of  its 
specific  heats,  and  the  great  resistance  it  offers  to  liquefac- 
tion, as  well  as  its  low  vapour  density,  clearly  point  to  CO 
as  its  formula.  In  all  other  cases,  as  sve  have  above  stated, 
carbon  may  be  regarded  as  a tetrad,  but  not  necessarily, 
however,  existing  in  combination  with  other  elements  so 
as  to  satisfy  this  valency,  for  its  atoms  have  the  power  of 
combining  with  one  another  singly,  doubly,  and  trebly. 
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as  it  were,  even  when  we  have  only  two  atoms  of 
carbon  along  witli  hydrogen,  as  we  see  in  the  following 
compounds : — 

Marsh  Gas.  Kthane.  Kthylcnc.  .Acetylene. 

CII4  C,,H«  C.H,  C,Ho 

The  following  classes  comprise  most  of  the  important 
compounds  of  carbon  : — • 

1.  Hydrocarbons. 

2.  Alcohols. 

3.  Aldehydes. 

4.  Acids. 

5.  Ethers. 

6.  Amines. 

7.  Eitro-compounds. 

8.  Cyanogen  compounds. 

9.  Organo-metallic  bodies. 

The  Hydrocarbons  contain  no  elements  hitt  carbon 
and  hydrogen,  and  all  other  organic  substances  may 
he  regarded  as  derived  from  them.  Tlie  hydro- 
carbon radicals  or  residues  formed  l>y  removing  1, 
2,  or  3,  Ac.,  atoms  of  liydrogen  corre.<=;pond  respec- 
tively to  tlie  metals  uniting  witli  1,  2,  or  3,  Ac., 
atoms  of  chlorine  or  monad  groups,  such  as(X03). 

The  Alcohols  contain  the  three  elements,  carbon, 
hydrogen,  and  oxygen,  and  are  analogous  to  the 
metallic  hydrates.  They  arc  formed  by  the 
union  of  the  monad  radical  (or  Avater  residue) 
hydroxyl,  (OH),  Avith  the  hydrocarbon  radicals. 

The  Aldehydes  contain  the  same  elements  as  the  alco- 
hols, from  Avhieh  they  dilfer  in  having  one  or  more 
pairs  of  atoms  of  hydrogen  less.  They  are  poAver- 
ful  reducing  agents,  and  pass  by  oxidation  into 
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The  Acids,  -whicli  contain  an  oxygen  atom  more  than 
the  akleliydes  for  every  two  hydrogen  atoms  which 
the  alcohol  lost  in  becoming  an  aldehyde.  They 
may  be  I'egarded  therefore  as  alcohols  which  have 
one  oxygen  atom  for  two  atoms  of  hydrogen.  This 
oxygen  atom  is  always  united  to  the  same  carbon 
atom  as  that  to  which  the  hydroxyl  group  is 
attached.  Hence  we  must  have  the  monad  group 

-C-0 

I 

0— H 

known  as  carboxyl,  in  all  true  organic  acids. 

The  Ethers  arc  the  salts  of  organic  chemistry,  and 
may  be  regarded  as  formed  by  the  union  of  a 
hydrocarbon  radical  Avith  the  salt  radical  of 
an  acid,  or  as  produced  by  the  interaction  of  an 
alcohol  (base)  Avith  an  acid,  an  ether  (salt)  and 
Avater  being  produced.  They  are  termed  simple 
or  compound,  according  as  the  salt  radical  is 
an  element  or  a group  of  elements. 

The  Amines,  as  their  name  indicates,  arc  bodies  like 
ammonia,  containing  nitrogen  as  their  nucleus, 
and  Avhich  unite  directly  Avith  acids  to  form  salts 
like  those  of  ammonium. 

The  Nitro-compounds  are  derived  from  hydrocarbons 
and  contain  one  or  more  monad  gi’oups 

-N<  I 

in  place  of  an  equal  number  of  hydrogen  atoms. 
This  group  must  not  be  confounded  Avith  the  salt 
radical  of  the  nitrites,  Avhich  is  ( - 0 — = 0). 
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The  Cyanogen  Compounds  contain  the  monad 
radical  cyanogen  alone,  either  as  { — 1S^U=C)'  or 
( — C=N)',  or  in  a more  coin})lex  form  Avith  the 
addition  of  oxygen,  sulphur,  &c. 

The  Organo-metallic  Compounds  juay  he  regarded  as 
ethers,  in  which  we  have  a metal  taking  the  place 
of  the  electro-negative  groiip.  They  are  of  very 
great  service  in  investigating  the  structure  and 
in  building  up  many  organic  bodies. 

One  of  the  first  and  most  obvious  conse(|ucnces  of  tlie 
})i’operty  Avhich  carbon  has  of  uniting  with  itself  and  other 
elements  is  that  we  may  have  many  substances  Avith  exactly 
the  same  empirical  formula,  but  liaA'ing  very  dilferent 
chemical  constitutions  and  projAerties.  l\Iany  such  bodies 
are  knoAvn ; but,  in  the  first  place,  avc  Avill  divide  them 
into  tAvo  groups — (1)  those  having  the  same  molecular 
Aveight,  as  Avell  as  composition,  Avhich  are  termed  Isomeric 
bodies  ; and  (2)  those  having  dilferent  molecAilar  Aveights, 
l)ut  the  same  relative  composition,  Avhich  are  termed 
I’olymcric  bodies. 

We  have  very  few  e.xamjdes  of  eitlu'r  class  amongst 
inorganic  com})Ounds,  but  avc  may  instance  oxygen,  0.,, 
and  ozone,  Oy,  as  a simple  Avell-defincd  case,  also  X( ).,  and 
XoOj,  the  former  a dark  coloured  gas,  and  the  latter  a 
colourless  one,  Avhich  change  into  one  another  accord- 
ing to  the  temperature.  Tlie  anhydride  of  true  hypo- 
suI})hurous  acid,  lI._,SOo,  Avhich  is  SO,  that  of  thiosul- 
})huric  iicid  (Avrongly  called  hyposulphurous),  H.,S„().,, 
Avliich  is  S.dio,  and  that  ofpcntathionicacid,  I^.1S^0^;,  Avhich 
is  S-Oj,  afford  us  another  example  of  polymerism.  We 
have  likeAvise  the  same  occurring  in  the  varieties  of 
stannic  and  similar  acids,  stannic  acid  being  H^SnOj,  and 
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inetastaniiic  acid,  HoSn-Oji  + 411^0,  in  which  wo  liave 
respectively  SnO.,  and  Sn.ldjy  as  tlie  anliydrides,  and 
the  solids  as  lloSnOo  and  Isojnerisni  in 

the  elements  is  termed  allotropy,  hut  we  can  seldom 
distinguish  between  that  and  polymerism  us  in  the  case 
of  oxygen  and  ozone,  phosphorus,  red  and  yellow,  carbon 
as  diamond,  graphite,  and  charcoal,  in  all  of  which  we 
have  different  chemical  and  })hysical  properties  ; we  have 
undoubtedly  in  each  case  only  the  one  substance,  but  the 
molecular  weights  of  the  various  modifications,  except  in 
the  case  of  oxygen  and  ozone,  are  unknown.  It  is  most 
probable,  in  the  case  of  the  elements,  that  the  difference 
in  properties  is  due  to  a difference  in  the  arrangement  of 
the  atoms  into  larger  and  smaller  molecules. 

Isomeric  substances  are  usually  divided  into  two 
groups — Isomeric  bodies,  strictly  so  called,  and  Meta- 
meric  bodies.  Isomeric  bodies  not  only  have  the  same 
molecular  weight,  but  with  similar  reagents  give  rise  to 
similar  products,  thus  indicating  great  similarity  of  struc- 
ture. INIetameric  bodies,  however,  when  treated  Avith 
similar  reagents,  gi\'e  rise  to  entirely  different  products, 
and  thus  have  entirely  different  structures,  although 
having  the  same  molecular  Aveight.  A very  good  example 
of  isomerism  is  afforded  by  some  of  the  hydrocarbons 
derived  from  benzene.  4\'e  have  three  isomeric  hydro- 
carbons, called  dimethyl-benzene,  having  the  empirical 
formula  CgHj^,  Avhich,  Avhen  carefully  oxidised,  give 
rise  to  three  monobasic  acids,  each  a methyl-benzoic 
acid,  and  Avhen  further  oxidised  each  gives  a phthalic 
acid,  Avhich  is  dibasic. 

Dimethyl-benzene.  Jlcthyl-benzoic  acid.  I’litlialic  acid. 

C6H4(CH3),j  OH^  CgH4(C0.0H) 
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Another  hydrocarbon,  having  the  same  composition 
and  molecular  formula,  ethyl-benzene,  when  oxidised 
gives  rise  to  a monobasic  acid,  benzoic  acid,  and  Ave 
have  only  the  one  stage  in  the  oxidation. 

Etliyl-Vii-'iizeiio.  Benzoic  acid. 

cyh(c,ih)  C6ii5(co.oii) 

The  three  dimethyl-l)enzenes  are  then  said  to  be  truly 
isomeric,  but  the  ethyl-benzene  is  only  metanieric  with 
them. 

iVlthough  it  has  been  assumed  that  the  student  under- 
stands and  is  quite  familiar  Avith  the  use  of  ordinary 
molecular  formulae,  it  may  be  as  Avell,  Avhile  dealing  Avith 
the  subject,  to  point  out  their  true  use  and  meaning.  In 
all  chemical  reactions  it  is  only  the  individual  molecules 
Avith  Avhich  Ave  have  to  deal.  Each  true  formula  repre- 
sents a definite  individual  quantity  of  a substance  Avhich 
Ave  term  a molecule,  Avhich  has  perfectly  Avell-defined  j)ro- 
perties,  especially  important  being  its  mass  and  volume 
relations.  The  formula  ought,  therefore,  never  to  be  used 
to  represent  indefinite  quantities  of  the  substance  \ and 
the  slovenly  use  of  the  formula  for  the  name  of  the  sul)- 
stance  is  particularly  reprehensible  in  a science  Avhich  has 
any  pretensions  to  accuracy  and  to  a scientific  nomen- 
clature. Three  examples,  taken  at  random  from  a 
recentl^^-published  book,  Avill  illustrate  our  meaning  : — 

(1)  “ Drop  a small  piece  of  K into  a basin  of  IDO  .... 
The  K must  bo  very  small,  ajid  the  experiment  should 
not  be  AA'atched  at  too  close  a range.  The  II  burns, 
united  Avith  O of  the  air.  The  purple  colour  is  im- 
parted by  the  burning,  or  oxidation  of  small  particles 
of  K.” 

(2)  “ Put  a Ag  coin,  such  as  a threepenny-bit,  &c.” 
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(3)  “Test  it  with  huvning  S.  NO  is  not  a supporter 
of  C and  S combustion.  Put  a small  hit  of  P in  a 
deflagrating  spoon,  itc.” 

Besides  such  parodies  of  scientific  language,  however, 
other  errors  are  to  he  guarded  against.  The  equation 
2KCIO3  = 2KC1  + 30.„  representing  the  decomposition  of 
potassium  chlorate  hy  heat,  in  whieh  each  term  consists 
of  a definite  number  of  molecules,  is  often  Avritten 
KCIO3  = KCl  + O3  or  KCIO3  = KCl  4-  30,  both  of  Avhich 
aroAvrong,  the  first  representing  122 '5  grams  of  potassium 
chlorate  as  giving  22 ‘4  litres  of  ozone,  and  the  second 
(if  it  represents  anything  in  the  A\aay  of  A^olume)  as 
giving  67'2  litres  of  oxygen  (1).  Eaeh  term  of  an  equa- 
tion ought  to  refer  to  a definite  number  of  molecules, 
not  of  atoms  as  such. 

In  inorganic  chemistry  Ave  have  hut  little  necessity  to 
introduce  a more  developed  notation  than  that  com- 
monly in  use.  Each  substance  has  its  OAvn  formula, 
and  but  little  doubt  can  arise  as  to  Avhat  is  meant.  Our 
ordinary  notation,  it  is  true,  gives  but  little  information 
as  to  hoAv  the  atoms  are  arranged  in  each  individual 
molecule.  Prom  Avhat  has  been  said  above,  it  is  quite 
a}q>arent  that  Avhen  Ave  have  four  compounds  having 
the  formula  CgTIjo,  and  no  less  than  799  of  the  formula 
C13H28,  Ave  require  a notation  representing  in  some  con- 
cise Avay  as  many  as  possible  of  the  differences  existing 
amongst  such  compounds.  We  have  seen  already 
that  Dalton  used  symbols  for  his  atoms,  and  repre- 
sented the  molecules  by  arranging  the  atoms  together 
in  groups. 

A system  of  the  same  nature,  and  based  on  the 
atomicity  of  the  elements,  is  in  almost  universal  use 
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amongst  chemists  at  the  present  time,  and  although 
not  in  any  way  indicating  the  arrangement  of  the 
atoms  in  space,  has  proved  of  inestimable  value  in 
directing  research  towards  the  most  probable  methods 
of  building  up  bodies  from  simple  constituents.  In 
this  notation,  which  we  shall  use  so  much  in  the  present 
chapter,  each  atom  is  represented  as  having  as  many 
lines  drawn  from  it  as  it  combines  with  atoms  of  hydrogen 
or  other  monad  elements,  so  that  we  would  represent 


Hydrochloric  acid,  HCl,  as 
Water,  HjO,  as  . . 

Ammonia,  NHg,  as  . . . 

Marsh  gas,  CH4,  as  . . . 

Ammonium  chloride,  NH4CI,  as  . 
Phosphorus  pentachloride,  PClg,  as 


II— Cl 


H— O-II  or  0 


H 
H 

II— N— II  or  X4ll 

I 

H 

II 

I 

H— C— H 
I 

H 

II  H 
\/ 

H— N— II 

I 

Cl 

Cl  Cl 


Cl— P— Cl 
I 

Cl 


The  graphic  formula  of  a compound,  as  it  is  often  termed, 
may  be  defined  as  “a  summary  of  the  reactiozis  of  the 
compound,”  and  as  such  alone  it  ought  to  be  used.  An 
ingenious  extension  of  the  theory,  so  as  to  include  not 
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only  the  reactions  hut  to  indicate  in  some  degree  the 
probable  arrangement  of  the  atoms  in  space,  has  been 
brought  forward  by  Lo  Eel  and  van’t  Hoff'.  In  the  mean- 
time we  will  content  ourselves  Avith  the  ordinary  graphic 
formulte.  "We  write  marsh  gas  or  methane,  CII^,  thus 

H 

1 

H_C— II 

I 

H 

as  all  the  reactions  of  marsh  gas  seem  to  indicate  that 
the  hydrogen  atoms  are  of  equal  value  and  poAver,  and 
that  all  are  united  directly  to  the  carbon  atom.  When 
we  act  upon  marsh  gas  Avith  chlorine  Ave  haAm  no  addition 
compounds  formed  hut  only  those  of  substitution — that 
is,  the  carbon  does  not  at  any  time  take  more  than  four 
monad  atoms ; that  if  a chlorine  atom  becomes  united 
to  the  carbon,  it  is  at  the  expense  of  one  of  the  hydro- 
gen atoms,  Avhich  must  relinquish  its  hold  on  the  carbon 
AvhatcA'er  the  nature  of  its  hold  may  be.  We  thus  get  a 
series  of  compounds — CH^,  CII3CI,  ClloCh,  CHCI3,  CCI4, 
Avhich,  Avhen  more  extended,  may  be  Avritten  as 

II  H H H Cl 

I I I I I 

H— C— H II— C— II  H— C— Cl  Cl— C— Cl  Cl-C— Cl 

I I I I I 

II  Cl  Cl  Cl  Cl 

How  Ave  only  knoAV  one  compound  corresponding  to 
each  of  these  formulae..  Had  Ave  knoAvn  four  compounds 
having  the  formula  CII3CI,  Ave  woidd  have  concluded 
that  the  chlorine  and  hydrogen  atoms  Avere  differently 
united  to  the  carbon  in  each  case.  As  Ave  only  knoAv 
one  of  each  of  these  compounds,  and  not  the  slighest 
indication  of  even  tAvo  Amrieties  of  any  of  them,  Ave 
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helicvo  we  are  quite  entitled  to  assume  that  tlierc  is  ]io 
(Un'erence  wliatever  in  the  mode  in  ■wliich  the  carbon 
is  united  to  eacli  of  the  liydrogen  atoms.  Carbon  is 
tlien  clearly  a tetrad  element,  hut  it  does  not  follow 
that  a conqiound  containing  as  its  nucleus  one  carbon 
atom  may  not  contain  more  than  four  other  elements 
in  its  molecule,  hut  that  not  more  than  four  atoms  of 
any  kind  can  l)e  united  diredhj  to  any  carbon  atom. 
A very  simple  example  of  this  is  methyl  alcohol,  Cll^(  >, 
which  wo  can  })repare  from  methane,  ClI^,  by  acting 
on  it  with  chlorine  so  as  to  produce  methyl  chloride, 
CH3CI,  and  treat  this  so  as  to  remove  the  chlorine  (Cl) 
and  replace  it  by  hydroxyl  (ClI),  as  by  means  of  moist 
silver  oxide  which  behaves  as  AgOll. 

CH3CI  + AgOH  = CH3OII  + AgCl 
Oxygen  is  a dyad,  hut  (Oil)  is  a monad  radical,  because 
it  combines  with  one  atom  of  hydrogen  to  form  water ; 
(Oil)  can  replace  or  combine  with  one  atom  of  hydrogen 
or  chlorine,  and  in  like  manner  (Cllg)  is  a monad 
radical,  combining  with  one  atom  of  hydrogen  to  form 
methane,  and  with  one  atom  of  chlorine  to  form  methyl 
chloride.  0113011  is,  then,  when  written  graphically, 

II 

I 

IT— C-0— II 

I 

II 

being  derived  from  the  interaction  of 

II 

ir_o-|Ag+ci!— c— II 

I I I 

II 

The  two  monad  residues  which  are  left  by  the  chlorine 
and  the  silver  being  exactly  equivalent  to  one  another 
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unite,  so  that  although  wc  could  not  make  any  direct 
addition  to  methane  Ave  may  in  this  Avay  increase  the 
nuniher  of  atoms  Avhich  are  indirectly  attached  to  its 
carhon  atom.  We  see,  then,  that  the  formulie  Cll4 
and  CH4O  are  somewhat  misleading,  as  the  second 
naturally  suggests  an  addition  compound  formed  from 
the  first,  and  that  Cll^,  Avhich  Ave  consider  saturated, 
can  haA'e  a dyad  atom  added  to  it.  We  may,  Avithout 
using  graphic  formulae,  coiwcy  to  a certain  extent  at 
least  an  idea  of  the  general  structure  of  a compound. 

All  formulae  Avhich  exhibit  more  than  the  mere  com- 
position and  molecular  Aveight  are  termed  rational  or 
constitutional  formulae.  Those  Avhich  do  no  more  than 
give  the  results  of  the  simple  analysis  and  the  aggregates 
of  the  elements  in  a molecule  of  the  compound  are 
termed  empirical  formulae. 

To  understand  hoAv  Ave  construct  the  rational  from  the 
cni})irical  formula,  Avhich  is  all  that  Ave  get  from  an  ordi- 
nary analysis,  Ave  must  say  a few  Avords  on  the  action  of 
reagents.  The  most  important  reagents  in  research  of 
this  kind  are — phosphorus  pentachloride,  PCl^ ; hydriodic 
acid,  III;  acetic  anhydride  (C2H30)20 ; oxygen  usually 
api»lied  in  the  form  of  a solution  of  chromic  acid  or 
potassium  bichromate  and  sulphuric  acid  ; nascent  hydro- 
gen from  sodium  amalgam  ; zinc  methyl  and  ethyl ; and 
dehydrating  agents.  To  determine  Avhether  the  oxygen 
in  a compound  is  there  as  hydroxyl  or  not,  phosphorus 
pentachloride  is  of  very  great  use.  If  Ave  treat,  say, 
alcohol  Avith  it,  Ave  get  from  CoH^O,  C^II^Cl ; avo  see  here 
that  (Cl)  has  taken  the  place  of  (HO)  in  the  alcohol,  and 
that  the  residue  of  the  alcohol  is  C0II3,  C2H3O  may  be 
represented  in  all  probability  as  C2ll3(OII).  If,  hoAV- 
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over,  ^vc  treat  aldeliyde,  C2II4O,  Avitli  the  same  reagent 
Ave  get  C^n^Clo,  Avhere  avo  liave  the  Avholo  of  the 
original  carbon  and  hydrogen  remaining,  and  one  atom 
of  oxygen  replaced  by  tAvo  atoms  of  chlorine.  From 
tins  Ave  conclude  that  the  oxygen  is  united  directly  to 
the  carbon  and  to  nothing  else. 

The  tAvo  reactions  are  thus  re])resented  : — 

rcig  + CJigO  = C2H5CI  + HCl  + POCI3 
rClc  + C.MiO  = C.HjCL  + POCI3 

Hydriodic  acid  in  strong  solution  heated  Avith  many 
substances  acts  as  a poAverful  reducing  agent — that  is, 
removing  the  iiogatiA^e  elements  because  of  the  tendency 
for  2III  to  break  into  Ilg  + 12 ; so  that  if  Ave  treat  CoH^O 
Avith  III  Ave  first  get  CoH^I,  then  this  reacting  Avith  III 
gives  C.2llg  + 1.2.  We  can  thus  in  many  cases  get  back 
to  the  hydrocarbon  from  which  substances  are  derived. 
Oxidising  agents  enable  us  to  convert  many  oxidisable 
bodies  into  oxidised  products  of  simpler  radicals  as  Avell 
as  to  add  oxygen  directly  or  to  remove  hydrogen.  Hydro- 
gen acts  just  in  the  ojAposite  direction,  removing  oxygen 
and  the  halogens,  and  replacing  them  as  a rule  by 
equivalent  proportions  of  hydrogen.  The  organo- 
metallic  bodies,  such  as  zinc  methyl,  are  of  great  use  in 
building  Aip  complex  hydrocarbons,  and  of  replacing  the 
halogens  by  methyl  and  other  radicals. 

We  referred  in  treating  of  the  atomic  Aveights  of  the 
elements  to  Avhat  Ave  called  the  atomic  volume,  as  Avell 
as  to  a connection  betAveen  the  molecular  volume  of  sub- 
stances of  the  same  group.  In  both  inorganic  and  organic 
chemistry  this  constant  has  jiroved  of  very  great  use  in 
indicating  the  constitution,  especially  Avhen  the  substance 
is  examined  in  the  liquid  state.  For  the  further  con- 
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sideration  of  it,  and  of  the  action  of  organic  bodies  on 
light,  see  Chapter  VIII. 

In  very  much  the  same  Avay  as  Ave  have  groups  of 
elements  Avhich  differ  from  one  another  either  hy  a 
certain  numher,  or  a multiple  of  that  number,  AAdiich  is 
very  often  16,  Ave  have  long  series  of  very  similar 
compounds  Avhich  ahvays,  hoAvever,  differ  by  14,  or 
multiples  of  it,  no  matter  Avhat  class  of  compound  it 
may  be,  and  this  1 4 is  made  up  of  1 atom  of  carbon  = 
12  and  2 atoms  of  hydrogen,  forming  the  group  (C  IC). 
From  this  similarity  it  has  been  thought  not  at  all 
improbable  that  our  elements  Avill  be  broken  up,  and  that 
the  difference  of  16  may  either  be  due  to  an  element 
or  to  a group  of  elements.  We  see  this  difference  in 


Lithium,  Li 
Sodium,  Na 
Potassium,  K 
Rubidium,  Rb 
Cajsium,  Cs 


Difference. 


Magnesium,  Mg 
Calcium,  Ca 

Strontium,  Sr 
Barium,  Ba 


24-F 
40  ; 

87  •;>: 
137  ■ 


—U 


•6 


—15-8x3 
— 16  '5  X 3 


The  hydrocarbons  are  arranged  in  series  accord- 
ing to  the  proportion  of  hydrogen  Avhich  they  contain 
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relatively  to  the  total  amount  possible.  Those  ■which 
contain  the  maximum  amount  are  termed  jiaraffins  or 
saturated  hydrocarbons,  because  of  their  inalulity  to 
form  any  addition  compounds  Avith  cldorine,  t^'C. 
Uidy  substitution  compounds  can  be  formed  l>y  them, 
an  equivalent  amount  of  hydrogen  being  removed  for 
every  equivalent  quantity  of  either  an  element  or  group 
of  elements  introduced.  It  is  to  these  saturated  hydro- 
carbons that  Ave  in  reality  refer  the  great  1)ulk  of  our 
other  compounds,  Avhich  may  be  considered  as  substitu- 
tion compounds  formed  by  removal  of  so  many  atoms  of 
hydrogen  from  a member  of  the  parafiin  series,  and  their 
replacement  by  one  or  jnore  sinq)le  or  comidex  grou])s. 

The  hydrocarbons  are  classified  as  paraffins,  olefine.s, 
and  acetylenes,  &c. 

The  paraffins  liaA^e  all  the  general  fornuda  C„llo„+o 

^letliime,  CII4,  is  the  first,  u being  =1 

Ethane,  C^H^,  ,,  secoiul,  n ,,  =2 

Propane,  CjjHg,  ,,  third,  n ,,  =3 

Tetrane,  C4HJ0,  ,,  fourth,  n ,,  =4 

Pentane,  ,,  fifth,  n ,,  =5 

Hexane,  CgllH,  ,,  sixth,  n ,,  =6 

and  so  on. 

As  already  stated,  avc  knoAV  only  one  methane  having 
the  formula  CII4.  Similarly,  avc  Icuoav  only  one  ethane, 
Collc)  ■''■Inch  may  be  formed  from  tAvo  molecules  of 
methane  by  removing  a molecule  of  hydrogen  from  them. 

2CIl4=aih4  IL 

Also  by  removing  the  iodine  from  methyl  iodide,  CII3T, 
by  means  of  zinc,  Avhen  the  tAvo  methyl  groups,  (CII3), 
unite  together  and  produce  ethane  or  dimethyl. 

2CIPd  + Zn  = (CH,,b  + Znl., 

It  may  1)C  formed  by  adding  Avater  to  zinc  ethyl. 
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Zn(C.,nj;).„  or  replacing  the  chlorine  in  ethyl  chloride 
CoH.Cl"  hy  hydrogen,  C^H^Cl  + IL  = CJIslI  + KCl. 
C2II5II  is  called  ethyl  hydride,  and  it  is  found  to  he  iden- 
tical in  all  its  reactions  with  the  gas  from  methyl  iodide, 
so  that  at  present  Ave  only  know  one  ethane,  Avhether 
we  prepare  it  from  methyl  or  from  ethyl  compounds. 
AVhen  we  try  to  write  its  formula  graphically,  we  find 
that  Ave  can  only  Avrite  it  in  one  Avay,  and  that  is 


C 


H 


H— C- 


II 


II 

I 

-C 

II 
13  U 


-II 


Avhieh  e(|ually  Avell  ansAvers  its  description  as  dimethyl 
or  ethyl  hydride.  AVe  luwe  only  to  imagine  it  com- 
posed of  the  tA\m  })arts  to  the  right  and  left  of  A B or 
Cl)  respectively. 

In  the  same  Avay  for  propane,  Cyllg,  Ave  Avritc  it 
C A A'  C' 


II 

1 

II 

1 

II 

II- 

1 

-c- 

1 

1 

-c- 

1 

-c- 

1 

1 

II 

1 

H 

1 

11 

1)  15  15'  D' 


Avhich  Ave  may  call  methyl  etliyl,  or  propyl  liydride, 
according  as  Ave  think  of  it  as  divided  hy  A B (and 
A'  B')  or  C 1)  (and  C'  D'). 

But  as  in  the  tAvo  previously  considered,  Ave  can  only 
arrange  the  hydrogen  atoms  and  the  carhon  atoms  in  the 
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one  way.  The  first  three  paraftins  exist  in  only  one 
form,  Avliich  Ave  may  Avrite  briefly 

CII4  or  CIT3-H, 

CH3-CH3  or  C3H5— H ; 

CII3— OIL— CH3,  or  G.Hs— CH3,  or  C3H7— H 

EA'ery  atom  of  carbon  lias  got  at  least  tAA'o  hydrogen 
atoms  united  to  it,  but  Avben  aa'o  get  to  the  fourth 
member  of  the  series  A\'e  can  easily  imagine  more  than 
one  possible  arrangement  by  AA’hich  four  carbon  atoms 
may  be  completely  saturated  by  ten  hydrogen  ones.  Tavo 
are  knoAvn,  and  only  tAvo  are  possible,  according  to  our 
theory. 

CH3— CH.,— CH2-CH3  ami  CH(CH3)3 

or 

H 


H II 

H 

H 

II 

II 

1 

1 

H-C— C- 

-C- 

-C— II 

1 

and  II  C ( 

/ 

1 

C H 

. \ 

H II 

II 

H 

H 

H 

C 


H 


The  first  may  be  regarded  as  diethyl,  and  a hydro- 
carl)on  haAung  the  formula  C^lljg  is  got  by  remoA'iiig  the 
chlorine  from  ethyl  chloride,  CoUgCl,  by  means  of  zinc. 

2C  JI5CI  + Zn  = (CJh).^  + ZiiClo 

Although  Ave  have  only  one  propane  Ave  have  tAvo 
propyl  iodides,  Cgll A,  having  diflerent  boiling  points,  &c., 
and  if  Ave  treat  them  respectively  Avith  zinc  methyl  Ave 
get  tAvo  corresponding  tetranes  (or  butanes),  C^Hjg. 

2C3  F RI  + (CIl3).,Zn  = 2C3H7CII3  + Zn  I., 

One  of  the  tetranes  is  identical  Avith  the  diethyl  as 
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above  prepared.  The  two  propyl  iodides  are  thus  eon- 
stituted — 


Noniiiil  in-oi)yl  iodide  (B.  I’t.  102°), 
Cll3.CTI.,.CHJ. 


II  II  II 

I I 1 

H— C— C-C— I 

I I I 

H H II 
H H II 


Isopropyl  iodide  (B. Pt.  89°),  or  secondary 
propyl  iodide,  CTi3.CHI.CH3. 


H_C— C-C— II 

I I i 

II  I II 


On  replacing  the  iodine  atom  by  the  methyl  group, 
(Clly),  we  obtain  two  tetranes  corresponding  to  the  two 
iodides.  The  tetranes  boil  respectively  at  + 1°  C.  and 
- 17°  C. 

In  the  same  way,  from  our  theory,  Ave  would  expect  to 
have  three  pentanes.  Investigation  has  shoAvn  that 
there  are  three  pentanes  at  least,  but  more  than  three 
have  not  been  produced.  They  are 

(1)  CH3.CIL.Cih.CH2.CH3  . . . B.Pt.  38°. 

(2)  CH3.CH2.CH(CTl3)2  ....  B.Pt.  30°. 

(3)  C(CH3h  . . ‘ . . . . B.Pt.  10°. 

As  in  the  other  examples  above  given,  Ave  may  prepare 

the  first  and  second  by  combining  the  radical  ethyl  Avith 
the  normal  propyl  and  the  isoproi)yl  radicals  respectively, 
by  means  of  the  above-mentioned  iodides  but  using 
zinc  ethyl  instead  of  the  methyl  compound.  They  are 
evidently  built  on  the  same  plan.  The  third  form,  hoAV- 
ever,  is  of  a totally  different  ty[)e.  It  may  be  produced 
indirectly  from  acetic  acid,  Avhich  avc  shall  aftenvards 
sec  possesses  the  constitution 

Cil3-C  = 0 by  CH3-C  = 0 CH3-C  = 0 

I converting  | ancl  | 

OH  it  into  Cl  CTP, 
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tlieii  cxcliango  tlie  oxygen  atom  for  two  chlorine  atoms 
and  wo  obtain 

cir^ 

C(CH3)., 

I 

CII3 

wliicli  is  our  third  variety  of  i)entane,  boiling  at  10°  C. 

Cayley  calculated  the  numbers  of  hydrocarbons  })OS- 
sible  from  one  to  thirteen  carbon  atoms,  the  carbons 
being  fully  saturated,  and  found  : — 


Cll3 

COL 

CII3 


and  for  the  chlorine  get 
two  inetliyl  groniis 
and  we  have 


Number  of 
Carbon  Atoms. 

Number  of 
raraffiiis. 

Number  of 
Carbon  Atoms. 

Number  of 
J’arattins. 

1 

1 

8 

18 

2 

1 

9 

35 

3 

1 

10 

75 

4 

2 

11 

159 

.f) 

*> 

0 

12 

357 

t! 

f) 

13 

799 

7 

9 

Have  wo  any  method  of  naming  such  compounds  ? 
is  the  next  (luostion.  In  the  lirst  })lace,  we  will 
consider  how  all  hydrocarbons  may  be  classiliod  and 
designated,  so  as  to  give  at  least  some  idea  of  their 
constitution.  Xo  hydrocarbons  arc  known  in  the  free 
state  Avhich  have  an  odd  number  of  hydrogen  atoms  in 
their  molecule.  If  we  try  to  i)re])arc  C.^llr,  from  C0H5CI, 
its  chloride,  we  get  C4H10  = as  in  trying  to 

produce  11  from  llCl  we  get  invariably  IC  and  not  II  ; 
so  we  say  the  hydrocarbon,  C.^lt^,  exists  in  combination, 
but  is  unknown  in  the  free  state. 
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Paraffins. 

OLF.FINES. 

Acetylenes. 

CnILjn+o 

I. 

(CnH‘>n+l) 

(c,!ip>„) 

III. 

C„Ho„_i 

IV. 

CiiHon— 0 

Methane. 

CII4 

Methyl. 

(CH3) 

Methene. 

(CPL) 

Methenyl. 

(CH) 

Etliane. 

C.,IIs 

Ethyl. 

(CJI,) 

Ethene. 

CJI4 

Ethcmjl. 

(CJI3) 

Ethine. 

CJL 

Propane. 

C3H3 

Propyl. 

(C3H.) 

Propene. 

C3H3 

Propenyl. 

mh) 

Pro  pine. 
C3II4 

Tetrane. 

CJho 

Tetryl. 

Tetrene. 

C4H3 

Tetrenyl. 

mi'r) 

Tetrine. 

C4H3 

Pentane. 

Pentyl. 

(C5H11) 

Pentene. 

C5H10 

Pcntenyl. 

(C5H3) 

Pen  tine. 
C5H8 

Hexane. 

CoH„ 

Hexyl. 

(0.H,3) 

Hexene. 

Hexenyl. 

Hexine. 

^6^10 

Heptane. 

CVHie 

Ileptyl. 

(C7H13) 

Heptene. 

Heptenyl. 

(C7H33) 

Heptiiie. 

C7H4, 

Odiing  has  proposed  the  naming  of  the  hydrocarbons 
somewhat  as  above,  the  hydrocarbons  with  even  numbers 
of  hydrogen  atoms  beginning  with  the  paraffins  having 
the  characteristic  letter  (a),  and  for  every  loss  of  two 
hydrogen  atoms  taking  the  next  vowel  in  its  place. 
Taking  the  six  carbon  series  as  an  example,  we  have 
hexane  Cyllj^,  hexene  Cglli,,  hexfne  C^H^q,  hexone 
CgHg,  hex?me  C^Hg.  For  the  unisolated  hydrocarbons 
with  an  odd  number  of  hydrogen  atoms,  the  names 
end  with  the  syllable  -yl,  so  Ave  would  have  hexyl, 
(Cglljg)',  hexenyl,  e'cc.  These,  as  a rule,  are 

known  as  the  alcohol  or  hydrocarbon  radicals,  and  are  the 
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most  important  radicals  taken  as  a wliolc.  They  occur 
constantly  in  combination,  althongh  not  known  in  the 
free  state.  Many  of  the  hydrocarbons  Avere  knoM'n  before 
tliis  system  of  nomenclature  Avas  proposed,  and  retain 
their  old  names.  Kthene,  02!!^,  is  heavy  carbn retted 
liydrogen,  or  olefiant  gas,  but  more  commonl}'  known  as 
ethylene,  (C2H3)'"  is  often  knoAvn  as  vinyl,  and  CoHo  is 
generally  knoAvn  as  acetylene.  In  every  vertical  series 
each  member  differs  from  that  next  to  it  by  (CII.,) ; such 
series  are  termed  homologous,  but  the  memljers  of  each 
horizontal  series  have  the  same  number  of  carbon  atoms, 
and  entirely  different  properties,  and  are  termed  isolo- 
gous, whereas  the  members  of  a homologous  series  liaA'e 
very  similar  properties.  Our  table  of  hydrocarbons  thus 
arranged  corresponds  in  many  Avays  Avith  IMendelejefTs 
table  of  the  elements.  The  paraffins  are  saturated,  and 
only  form  compounds  by  substitution.  The  alcohol 
radicals,  (CJIon+i),  act  as  monads,  as  (C2Hr,)Cl,  (02115)20. 
The  olefines  act  as  dyads,  forming  compounds  as 
Con4Br2.  The  next  series  of  radicals  act  as  monads  or 
triads,  and  give  rise  to  compounds  C2H3Br  and  C^HgBr^, 
03115(011)  and  03115(011)3.  The  acetylene  series  act 
cither  as  dyads  or  tetrads,  O2II2OI2  and  O2II2OI4  corre- 
sponding to  S11OI2  and  S11OI4,  and  so  on. 

AVc  have  uoav  seen  hoAv  to  group  our  hydrocarbons, 
and  by  testing  Avith  free  bromine  Ave  are  enabled  to 
determine  to  Avhich  class  they  belong.  'With  a paraffin 
there  is  no  direct  combination,  and  if  Ave  have  any 
reaction,  avc  get  half  of  our  In’omine  back  in  the  form 
of  hydrobromic  acid ; Avith  an  olefine,  avc  get  direct 
combination  and  have  a dibromide  formed  but  no 
hydroln’omic  acid,  and  Avith  an  acetylene  avc  may 
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have  a dibromide  and  a tetrabromide.  But  we  have 
already  seen  that  we  may  have  many  paraffins  having  the 
same  molecular  formula.  These  may  be  classified  as : — 
Normal  Paraffins. — Those  which  have  no  carbon 
atom  attached  to  more  than  two  others,  as 

H H H H H 

I I I I I 

H— C— C— C— C— C— II 

II  H H I I H 


Isoparaffins. — Those  which  have  one  carbon  atom 

at( 

H 


united  to-  three  other  carbon  atoms,  as 


H 


H 


H II 

I 1 

H— C— C- 


H H 


C 

-C- 

H 


II 

I 

-0— H 


H 


Neoparaffins. — Those  Avhich  have  one  carbon  atom 
united  to  four  c^her  carbon  atoms,  as 

II 


PI 


H 

\ 

H-C- 

/ 

H 


II 


G 

-C- 

C 

/ \ 

H 


H 

/ . 


H 


-C— H 

\ 

II 


H 


All  may  be  regarded  as  derivatives  of  methane,  and 
named  accordingly,  as  in  the  above  examples  we  may 
regard  the  normal  pentane  as  CH3(C4Hg),  and  call  it 
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tetryl  mctliano,  having  the  radical  tctryl  introduced  for 
one  hydrogen,  or 

(C  JT5).CIL.  (C  JI5)  = CHo(C,Il5)o 
and  call  it  diethyl  methane,  or 

(CH3)CIIo(C,II,)  = CH,-(CIl3) 

I 

Udh 

and  call  it  methyl  propyl  methane.  All  the  hydro- 
carbons made  l)y  combining  these  radical.^:  so  as  to  form 
these  compounds  are  found  to  he  hut  one  and  the  same 
substance,  and  hence  any  of  the  above  names  is  equally 
applicable  to  it. 

The  isopentane  may  he  described  as  isobutyl  methane, 
di-methyl  ethyl  methane,  or  methyl  isopropyl  methane, 
and  the  neopentane  as  tetra-methyl  methane. 

Although  we  have  only  one  ethane  we  may  have  two 
ethenes,  one  called  ethylene  and  the  other  ethylidene, 
but  of  these  one  only  is  knowji  in  the  free  state — 

- CH.,  CI-I3 

I and  I 

-CII2  =CH 

The  chlorides,  oxides,  and  other  derivatives  of  each  are 
known — 

CII..C1  CH3  /CII,  CH3 

I “ I 0<l  “ I 

CPLCl  CHClo  > \CII2  0 = CII  , &c. 

The  problem  of  how  to  name  these  very  numerous 
hydrocarbons  without  getting  names  too  unwieldy  is  a 
dilhcult  one,  and  in  very  many  cases  the  simplest  wav 
seems  to  bo  to  use  the  written  graphic  formulne  when 
precision  is  necessary. 

All  the  hydrocarbons  which  we  have  considered  have 
the  carbon  atoms  in  what  may  be  considered  a chain. 


AROMATIC  HYDROCARBONS. 


113 


straight  for  the  normal  and  branched  for  the  other 
forms.  In  a very  large  number  of  hydrocarbons  we 
have  another  form  in  which  the  carbon  chain  takes  the 
form  of  a ring.  Such  hydrocarbons  are  termed  aro- 
matic in  contradistinction  to  those  we  have  already 
considered,  which  are  termed  fatty.  The  most  import- 
ant of  the  aromatic  hydrocarbons,  and  the  one  which  is 
the  starting-point,  just  as  methane  is  of  the  fatty  series, 
is  benzene,  CjjHg,  and  its  graphic  formula  is  generally 
written  in  the  form  of  a hexagon  : — 

H H 

I I 

C=C 

/ \ 

H— C C— H 

C— c 

i I 

H H 

This  is  the  famous  formula  proposed  for  benzene  by 
Kekulc  in  1865,  the  enunciation  of  Avhich  marks  an 
epoch  in  the  development  of  organic  chemistry.  The 
elegance  and  simplicity  of  the  explanations  furnished  by 
it  of  the  reactions  of  benzene  and  its  derivatives  give  it 
such  an  advantage  over  other  more  recently  proposed 
formulae  that  we  shall  adopt  it  here. 

When  acetylene  is  heated  it  condenses  to  form  a new 
substance,  a licpiid  hydrocarbon,  the  vapour  density  of 
which  is  three  times  that  of  the  original  gas ; hence  its 
formula  is  This  hydrocarbon  will  on  no  account, 

however,  unite  with  more  than  three  molecules  of 
chlorine  or  bromine.  In  this  it  behaves  differently 
from  the  derivatives  of  methane.  One  atom  of  carbon 
cannot  be  removed  from  it  by  oxidation  (which  it 

8 

> 


( 
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strongly  resists)  or  otherwise,  without  the  whole  mole- 
cule falling  to  pieces.  It  is,  as  above  mentioned,  the 
sim|)lest  member  of  a series,  and  its  great  stability  is 
accounted  for  by  the  carbon  atoms  Ijeing  united  to- 
gether as  a closed  ring.  The  hydrogen  atoms  are  all 
of  equal  value,  just  as  they  are  in  methane.  Its  honio- 
logues  are  derived  from  it  by  the  substitution  of  one  or 
more  monad  hydrocarbon  radicals  for  the  same  number 
of  h}'drogen  atoms.  However  complex  these  radicals 
may  be  they  arc  each  one  readily  oxidised  to  the  group 
carboxyl  (CO. OH)'  by  reagents  which  have  no  effect  on 
the  benzene  nucleus.  "We  thus  may  distinguish  readily 
between  mono-,  di-,  and  tri-derivatives,  as  indicated 
already  ■when  treating  of  metamerism. 

IShq)hthalene,  C^ollg,  is  another  hydrocarbon  which 
may  be  regarded  as  formed  from  the  union  of  two  ben- 
zene rings — 

H H 

I i 

C V 

J1_C  c C— II 

1 ll  I 

11-C  C C— 11 

c u 

I I 

II  II 

Into  the  derivatives  of  l)cnzcne  we  do  not  pro})Ose  to 
enter  further  till  we  have  studied  the  derivatives  of 
methane  and  its  homologucs,  which  we  term  the  fatty 
scries. 

One  of  the  historical  theories  which  in  its  day  has 
done  much  for  the  progress  of  organic  chemistry  is 
Gerhardt’s  Theory  of  Types.  We  have  said  above 
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that  wo  may  compare  the  hydrocarhoiis  to  the  metals, 
and  ill  the  same  way  we  may  compare  most  of  the 
other  classes  to  other  inorganic  compounds.  Gerhardt 
referred  almost  all  snhstances  to  four  typical  molecules, 
viz.,  those  of  (1)  hydrogen,  (2)  hydrochloric  acid,  (3) 
Avater,  (4)  ammonia. 

The  hydrocarbons  ivere  constructed  on  the  first  type — 


Methane,.  . . . | coirespoiuling  to|^ 

The  monohaloid  derivatives  were  constructed  on  the 
second,  as 


Jletliyl  chloride, 


{ coiTespoudiiig  to  | 


H 

Cl 


Alcohols  and  acids,  and  the  compound  ethers,  on  the 
type  of  water — 

Ethyl  alcohol. 


corresponding  to 


Acetic  acid. 


C,H30^^0 


Ethyl  acetate,  . ” 

The  amines  and  amides  ivere  said  to  he  on  the 
ammonia  type,  as 

corresponding  to  H-AN 
H/ 


Ethylainine, 

CAIs 
H ■ 

Diethylainine, 

H . 

Triethylaniinc,  . 

11  . 

C.dl,' 

C\,Hy 

Acetamide,  . 

Cdj's. 

C-dlaO' 
“ll  ■ 

II  , 

N 


116 


CONDENSED  TYPES. 


Y’ 


Kekulu  added  a fifth  type,  that  of  methane ; and  many 
substances  Avhicli  had  been  regarded  as  formed  on  some 
of  tlie  p)i'evious  types  might  be  regarded  more  con- 
veniently as  derived  from  methane,  as  ethane,  Avliicli 

’as  regarded  as  | derived  from  hydrogen,  | 

could  be  regarded  as  CIl^,  in  which  one  hydrogen  Avas 
replaced  by  (Cllg).  Thus — 

fH 

^ ...  . C- 


fCIIa 

C-!  coiTespoudiiig  to  luetliaue, 

II 


H 

I 

I II 


To  include  many  other  bodies  Avhich  could  hardly 
be  considered  as  constructed  on  these  types,  'Williamson 
introduced  condensed  types,  as — 


CHI 
CI3  j 


inetheiiyl  ti’ichloride 
or  chloroform 


and  from  chloroform  and  sodium  ethylate,  which  is  a 
body  on  the  simple  Avater  type,  Ave  obtain  a body  having 
the  formula  CII (0.1150)3— 


oCdh 

Na 


0 + CllCl3give^(-,  jj^^^^|03  oil  type  of 


0, 


Carbonic  acid,  II3CO3,  is  constructed  on  the  double 
Avater  type— 


0 


H 
If 

II J ^ 


in  wliich  CO,  a dyad,  takes  the  place 
of  two  atoms  of  hydrogen 


COf 


It  gives  rise  to  an  amide  on  the  double  ammonia  type — 


Ho 

H 

H 

Ho 


N 

N 


j N 

giving  CO  j 


Avhich  is  urea  or  carbamide. 
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The  case  of  methyl  ether  can  he  refened  to  a double 
methane  type  as  Avell  as  to  the  Avater  type — 


We  thus  see  hoAv  types  could  he  used  for  indicating 
to  some  extent  the  structure  of  compound  bodies  Avhich 
AA^ere  looked  upon  as  being  deriA^ed  from  seA^.ral  simple 
inorganic  bodies  by  the  introduction  of  AAdiat  AA'cre  termed 
“ radicals”  for  one  or  more  atoms  of  hydrogen.  By  the 
term  “compound  radical”  aa^c  mean  a group  of  elements 
Avhich  keeps  its  entirety  throughout  a series  of  com- 
pounds, and  can  lie  transferred  from  one  to  another  in 
chemical  reactions  just  as  an  element  may,  but  it  is  by 
no  means  necessary  that  it  should  be  capable  of  isolation 
or  exist  as  a real  proximate  constituent  of  the  members 
of  such  a series  of  substances ; in  fact,  the  greater  pro- 
portion are,  as  far  as  aa^c  knoAA',  incapable  of  existing 
singly  in  the  free  state. 

In  our  modern  theory  Ave  simply  go  a step  further 
back,  and  instead  of  regarding  the  compounds  as  being 
made  up  of  proximate  parts  called  radicals,  AA^e  regard 
them  as  being  formed  of  atoms  only,  and  if  aa'o  can  find 
out  hoAv  the  atoms  are  related  to  one  another,  AA'e  are  far 
in  adA'ance  of  the  theory  of  types. 

The  second  class  of  organic  bodies,  and  one  of  the 
most  important,  is  that  of  the  alcohols,  Avhich  aa'c  may 
consider  as  formed  by  the  replacement  of  so  many 
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liydrogen  atoms  in  a liydrocarhon,  Ly  an  equal  number 
of  “ water  residues”  or  liydroxyl  radicals,  (HO),  as 

C3lb(01I)  C3TI,(0H)2  C3Hs(OH)3 

Projiyl  alcoliol.  Piopune  glycol.  I’ropenyl 

alcohol  or  glycerin. 

derived  from  propane  CjJIg  b}'-  replacing  1,  2,  and  3 
atoms  of  hydrogen  by  (OH),  (On)^,  and  (011)3,  and 
all  may  be  represented  on  the  water  type,  simple  or 
condensed — 

03113-10  C3II40 

AVe  have  three  classes  of  the  first  kind,  or  monatomic 
alcohol  as  it  is  often  termed,  i.e.,  in  which  we  have 
only  one  hydroxyl  group,  these  are  termed  primary, 
secondary,  and  tertiary.  Our  simplest  alcohol  is  that 
derived  from  mar.sh-gas  or  methane,  viz.,  methyl  alcohol, 
and  as  from  methane  we  may  consider  all  our  paraffins 
derived,  whether  normal,  iso,  or  neo-,  by  the  replace- 
ment of  1,  2,  3,  or  4 radicals  of  the  type  C„Il3n4-i,  so 
may  we  regard  our  alcohols  as  derived  from  methyl 
alcohol  by  the  replacement  of  1,2,  or  3 radicals  of  the 
same  type  giving  rise  respectively  to  primary,  secondary, 
and  tertiary  alcohols.  IMcthyl  alcolml  is  ofteii  termed 
carhinol,  and  has  the  structure 

H 

I 

H-C-O— H 

I 

H 

Alcohols,  however,  may  contain  more  than  one  hy- 
droxyl group,  as  in  glycol,  in  which  we  have  two — 

CILOII 


CIT„OII 


POLYATOMIC  ALCOHOLS. 
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It  may  be  prepared  from  ethylene  by  uniting  it  with 
bromine,  and  tlien  converting  it  into  tlie  acetate,  and 
thence  into  the  alcoliol.  The  steps  are — 

CH„  CH.,Br  CIIdCJTaO.,)  CII.,011 

ir  I ' I - . - I - 

Cfl,  CH.,Br  t!Ho(CJ[302)  CIL,OH 

Ethylene.  Ethylene  Ethylene  dlacetatc.  Glycol, 

cllbvomiile. 

Each  alcohol  group  is  a primary  one,  and  can  become 
independently  an  aldehyde  and  an  acid  by  o-vidation. 

From  the  three  carbon  hydrocarbons  we  have  glycerin 
or  glycerol — 

CH,OH 

CHOU 

CH.OH 

which  is  obviously  a double  primary  alcohol  and  like- 
wise a secondary  alcohol,  as  will  be  seen  on  comparing 
the  formula  with  those  below. 

Erythrite  is  a four  hydroxyl,  and  mannite  a six 
liydroxyl,  derivative  of  the  four  and  of  the  six  carbon 
paraffin  respectively. 

The  terms  monatomic,  diatomic,  triatomic,  tetratomic, 
and  hexatomic  alcohols  are  given  respectively  to  alcohols 
containing  1,  2,  3,  4,  and  6 hydroxyl  groups.  "We  have 
no  stable  compounds  in  the  state  of  vapour  which  contain 
2 hydroxyl  groups  attached  to  the  same  carbon  atom. 
For  every  hydroxyl  group  therefore  we  must  have  an 
atom  of  carbon  at  least.  The  number  of  carbon  atoms 
of  the  original  hydrocarbon,  which  have  had  a hydrogen 
atom  united  to  them  replaced  by  hydroxy],  gives  the 
name  mono-,  di-,  tri-,  etc.,  -atomic  to  the  alcohols. 

As  we  have  already  applied  the  terms  monatomic. 
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diatomic,  &c.,  to  molecules,  we  shall  adopt  for  alcohols 
and  acids  the  preferable  terms  mono-,  di-,  tri-,  hydric, 
as  it  is  really  the  hydroxyl  groups  which  we  count. 

Alcohols  ]nay  he  unsaturated,  and  such  may  be 
regarded  as  derived  from  the  unsaturated  hydrocarbons. 
One  of  the  best  known  is  allyl  alcohol,  which  may  be 
derived  from  glycerin  by  reduction  and  dehydration — 

Glycerin.  I'onnlc  acid.  Allyl  alcohol. 

CH.,OH  CHo 

H I 

CHOH  + C = 0 = OH  -f  2HoO  + CO., 

I 

0— H 

CHoOH  CH2OII 

It,  like  the  olefines,  readily  combines  with  bromine 
directly,  forming 

CHaBr 

CHBr 

I 

CHoOII 

If  Ave  replace  one  of  the  hydrogens  directly  united  to 
the  carbon  in  carbinol  by  a radical,  say  methyl,  CHg. 
we  get 

H 

CII3— C-OH 

I 

This  is  then  methyl  carbinol  or  ethyl  alcohol,  CoHj — OIL 
If  Wo,  we  get 

II 

I 

CII3-C— 0— II 

I 

CII3 

OH  ) 

i)/methyl  carbinol  or  isopropyl  alcohol,  | CHOH. 
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If  tliree, 


CH, 


CII3— C— OH 


CH, 

7’rnnetliyl  carbinol  or  tertiary  methyl  alcohol, 

CH3  Ic— 0— II 

CH3J 

If  we  look  carefully  at  these  we  see  that  we  have  the 
following  general  formulse — 


II 

1 

H-  C— OH 

I 

H 

Carbinol. 


II 

R'— C-OH 


H 

I 

R'— C— on 


R' 

I 

R'— C— OH 


H R'  R' 

Primary  alcohol.  Secondary  alcohol.  Tertiary  alcohol. 


One  of  the  characteristics  of  a primary  alcohol  is 
that  it  may  lose  two  atoms  of  hydrogen  and  become 
an  aldehyde ; the  simplest  aldehyde  is 

]I_C  = 0 

I 

H 

Formic  aldehyde. 

and  we  get  as  the  general  formula  of  the  aldehydes 

E'_C  = 0 
H 

If  we  oxidise  a secondary  alcohol  it  is  still  possible  to 
remove  two  atoms  of  hydrogen,  and  we  get  a ketone  or 
secondary  aldehyde  having  the  general  formula — 

R'— C = 0 


R' 
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])iit  it  is  inipossil)lo  from  a tertiary  alcoliol  to  produce 
a substance  of  aldehydic  nature  containing  the  same 
number  of  carbon  atoms. 

The  alcoiiols  and  the  aldeliydcs  show  clearly  bow  we 
can  detect  the  dilference  between  oxygen  united  to  car- 
bon alone  and  oxygen  united  to  carbon  and  to  hydrogen. 
If  we  treat  ethyl  alcohol,  CgHgO,  Avith  phosphorus  penta- 
chloride,  we  obtain  ethyl  chloride,  C.JI5CI,  Avhere  evi- 
dently the  alcohol  has  lost  an  atom  of  hydrogen  and  one 
of  oxygen,  and  one  atom  of  chlorine  alone  has  taken 
their  place,  that  is  to  say,  the  amount  c([uivalent  to 
the  difference  of  their  valencies.  In  the  case  of  alde- 
hyde, however,  from  C0H4O  we  get  02114012;  for  our 
one  atom  of  oxygen  alone  Ave  get  tAvo  atoms  of  chlorine, 
Avhich,  being  monads,  must  be  united  to  the  carlion  only, 
since  the  hydrogen  is  incapable  of  being  at  the  same 
time  united  to  both  carlmn  and  chlorine,  hence  Ave  con- 
clude that  the  oxygon  must  have  been  united  to  the 
carbon  alone. 

The  alcohols  readily  exchange  one  hydrogen  atom  for 
an  atom  of  sodium  or  potassium,  giving  sid,)stances  knoAvn 
as  sodium  or  potassium  alcohols  ; or,  better,  by  indicating 
the  radical  by  the  name  potassium  aIIn/h\to,  as — 


Potassium  ethylate. 


CJI5  \ 
K \ 


0 


Sodium  meiliylato. 


Cll,\ 
Na  J 


0 


The  alcohols  readily  react  Avith  acids  to  form  ethers 
(ethereal  salts)  and  Avater. 

The  most  conspicuous  property  of  the  aldehydes  is 
their  tendency  to  behave  more  or  less  as  unsaturated 
bodies,  and  to  combine  Avith  oxygen  to  form  acids. 
They  also  readily  unite  Avith  ammonia  to  form  aldehyde 
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ammonias,  Avitli  sodium  hydrogen  sulphite  to  form 
a definite  crystalline  compound,  and  with  hydrocyanic 
acid  to  form  cyanhydrins. 

We  Avill  take  ethyl  aldehyde,  (CIIo-CIIO),  as  an 
example  : — 

H H N/g 

I I I 


II— C-C  = 0 + NIL,  = H— C— C— 0— II 

II  ' II 

II  H H H 

Aldehyde  ammonia. 


H H NaSOa 

I I I 

II_C— c = 0 +NaHSO.j  = H— C-C— 0— II 

II  'll 

II  II  II  H 

Sodium  liydrogen  sulpliite  compound. 


II  II  C=N 

I I I 

II— C— C = 0 + HON  = H— C— C— 0— II 

II  II 

II  II  II  II 

Ethyl  cy.anhydi'in. 


With  oxygen  it  forms  an  acid,  ethyl  aldehyde  forming 
acetic  acid — 


II 

I 

II — C— C = 0 + Ag.,0  giving 

I I. 

II  H 


II 

II— C— C = 0 + Ag„ 

I I 

H 0— II 


It  is  evident  that  the  ketones,  or  secondary  aldehydes, 
cannot  form  acids  after  this  fashion,  and  Avhat  Ave  find 
is,  that  although  they  unite  Avith  sodium  hydrogen  sul- 
phite and  hydrocyanic  acid  they  do  not  tend  to  combine 
Avith  oxygen,  and  if  treated  AAuth  an  oxidising  mixture 
they  break  up  into  substances  containing  a smaller  num- 
ber of  carbon  atoms. 
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We  can  now  see  clearly  the  relation  between  the 
alcohol,  the  aldehyde,  and  the  acid. 


Alcohol. 

H 


Primary,  . R' — C — 0— II 

I 

H 

II 

I 

Secondary,  R' — C — 0 — IT 

I 

R' 

R' 

I 

Tertiary,  . R' — C — 0 — II 

I 

R' 


.‘Mdehyde. 

Acid. 

O 

II 

O- 

1 

1 

R'— C = 0 
1 

1 

II 

1 

0-H 

r 

- o 
II 

o 

None 

1 

R' 

None 

None 

Every 
> > 

> 1 
5 > 

5 ) 

}) 


primary  alcohol  contains  the  group,  (CH.^OII)' 

secondary  ,,  ,,  (CHOU)" 

tertiary  ,,  ,,  (COH)'" 

aldehyde  contains  the  group,  . . (CHO)' 

ketone  ,,  ,,  (CO)" 

acid  ,,  ,,  (CO.  OH)' 


The  monobasic  acids  were  on  the  type  theory  con- 
sidered as  derived  from  water  by  the  replacement  of 
one  of  the  hydrogen  atoms  by  an  oxidised  radical,  just 
as  the  alcohols  were  by  a purely  hydrocarbon  radical — 


Ethyl  alcohol. 

CM, 

H 


l!) 


0 


Acetic  acid. 

cji,o\q 

II J ^ 


Water. 


0 


Tlie  aldehydes  were  then  considered  as  of  the  hydrogen 


type— 

Ethane. 


Ethyl 

hydride. 


Ethylic 
aldehyde. 
CoH,'0  \ 
■ HJ 

Acetyl 

hydride. 


H/ 

Hydrogen 

hydride. 
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From  the  simplest  monobasic  acids  we  have  several 
derivatives  of  interest.  First,  the  acid  chlorides  or 
chlor-anhydrides,  obtained  l.)y  acting  on  the  acid  with 
phosphorus  pentachlorido ; acetic  acid,  CH3CO.OH,  gives 
acetyl  chloride,  CII.5.COCI,  the  hydroxyl  being  replaced 
by  an  atom  of  chlorine. 

l>y  acting  on  an  acetate  such  as  that  of  sodium,  with 
acetyl  chloride,  the  anhydride  is  obtained.  CII3COCI 
(acetyl  chloride)  and  CllgCOOXa  (sodium  acetate) 
give— 

Acetic  Sodium 

anliydridc.  cliloridc. 

cll:§}o  + 


Before  we  consider  the  various  groups  of  acids,  we 
will  more  fully  explain  the  differences  between  the 
various  constitutional  formidse  and  the  empirical  one. 

An  analysis  of  acetic  acid  by  combustion  gave  the 
folloAving  results : — 

•363  grams  of  acetic  acid  gave  •5324  grains  of  carbon 
dioxide  and  •2178  of  water 


C02~44“11 

Ho 

H„b“l8  9 


3 

•5324  x^2  =■  •1452  of  carbon. 

•2178  x-^  --=  •0242  of  hydrogen. 

•1694  = carbon  + hydrogen. 
•363-  ^1694=  •1936  = oxygen  by  difference. 


^^^^  = 121  atoms  of  carbon. 
12 


*>42 

A—  = 242  atoms  of  hydrogen, 
= 121  atoms  of  oxygen, 


which  are  in  the  ratio  of  1 :2  ;1. 

and  the  simplest  formula  is 
therefore  CH„0. 


Its  vapour  density,  at  a temperature  sufficiently  above 
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its  Loiliiig-poiiit,  is  thirty  times  that  of  liydrogen  at  the 
same  temperature  and  pressure.  Its  molecular  Aveight 
is  therefore  GO,  ami  its  empirical  molecular  formula, 


'Wdieii  treated  Avith  sodium  hydrate,  only  one  of  its 
hydrogen  atoms  is  exchanged  for  a metal  giving  rise  to 
C2ll30.,Na,  shoAving  that  one  hydrogen  is  dilferent  in 
function  from  the  other  three,  hence  Ave  may  Avrite  it 
ll.C^lIyO^.  If  Ave  act  on  the  acid  Avith  pho.sphorus 
pentachloride,  avc  lose  a hydrogen  and  an  oxygen  atom, 
and  in  their  place  have  only  one  chlorine  atom,  avc 
therefore  prove  that  one  hydrogen  atom  is  united  to  an 
oxygen  atom,  so  Ave  may  Avrite  it  CoH^O.OlI.  If  Ave 
heat  the  sodium  salt  Avith  sodium  hydrate,  Ave  get  one 
carbon  atom  Avith  nothing  hut  hydrogen,  Avhilst  the 
other  takes  all  the  oxygen,  thus  : — 


hence,  Ave  may  Avrite  it  as  CH3COOII.  This  is  also 
shoAvn  by  electrolysis,  Avhen  Ave  get 


so  that  the  various  steps  in  the  building  up  of  our 
formula  are 


In  a primary  alcohol  Ave  have  the  hydroxyl  united  to 
a carl)on  atom  Avhich  has  also  tAVO  hydrogen  atoms,  and 
in  an  acid  avc  have  one  oxygen  atom  instead  of  these 
tAVO  hydrogen  atoms.  Noav  it  is  possible  to  have  an 
acid  possessing  alcoholic  as  aa'oII  as  acid  (pialities.  The 
simplest  is  that  derived  from  glycol,  Avhich,  as  Ave  have 
already  seen,  consists  of  tAvo  primary  alcohol  groups. 


GHjCOONa 

HONa 


CH4+0C<^| 


ONa 

ONa 


2C  JI4O0  = (CHala  + 2COo  + ll^' 


II.C0H3O0  IIO.CoHsO  IIO.OC.CII;, 
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^vllicll  can  each  become  aldehyde  groups,  and  these  in 
turn  become  carboxyl  group.s,  so  we  may  have  the 
following  six  distinct  substances  formed  Ijy  the  oxida- 
tion of  glycol : — 


CH.,OH 

CHO 

COOH 

CHO 

COOH 

COOH 

CfLOH 

1 

CH.pH 

j 

CH„OH 

I 

CHO 

CHO 

1 

COOH 

Glycol. 

Glycollic 

aldehyde. 

Glycollic 

acid. 

Glyo.xal 

Glyoxyllic 

acid. 

Oxalic 

acid. 

As  the  carboxyl  group  is  the  eharacteristic  acid  group, 
ami  it  is  the  hydrogen  in  it  which  is  replaceable  by  a 
metal,  the  basicity  of  the  acid  depends  on  the  number 
of  carboxyl  groups  it  contains,  but  the  total  number  of 
hydroxyl  groups  indicates  its  atomicity  or  hydricity. 
V\^G  say  that  tartaric  acid,  IIoC^TI^O^.,  is  a tetrahydric, 
but  a dibasic  acid.  Its  constitutional  formula  is — 

coon 

CHOH 

CHOU 

I 

COOH 

Citric  acid  is  tetrahydric  and  tribasic — 

CH.,— COOH 

I “ 

HOC-COOH 

i 

CH.,— COOH 

We  thus  see  how  wo  may  classify  the  acids  into  series, 
first  from  the  scries  of  hydrocarbons  from  which  they 
are  derived,  and  then  from  the  radicals  and  the  number 
of  them  which  have  been  substituted  into  the  paraffins. 

The  first  series  is  the  monobasic  and  monohydric 
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series  known  us  tlie  fatty  aeids,  which  have  the  general 
formula — 

. K'_C=0 
I 

0— H 

or  empirically,  CnIIgnOo,  as  acetic  acid,  CoH^O^.  The 
second  series  is  monobasic  and  dihydric,  of  which  the 
first  member  is  carbonic  acid — • 

lI,C03  = 0C<^gJJ 

which  behaves  in  many  ways  as  a dibasic  acid,  because 
there  is  no  difference  between  the  two  hydroxyls,  both 
being  united  to  the  same  carbon  atom,  which  is  at  the 
same  time  attached  to  an  oxygen  atom.  Its  neutral 
salts  are  like  sodium  hydrogen  carbonate,  XallCOg,  in 
Avhich  we  have  it  acting  as  a monobasic  acid.  It  may 
be  called  oxyformic  acid,  as  glycollic  acid  is  oxj’acetic, 
and  lactic  acid  is  oxypropionic,  an  oxyacid  being  one  in 
which  hydroxyl  is  replaced  for  hydrogen  in  the  original 
acid.  In  lactic  acid,  just  as  in  carbonic  acid,  we  may  have 
sodium  replacing  the  hydrogen  of  the  hydroxyl,  not  in 
the  acid,  but  in  the  alcoholic  group,  by  using  metallic 
sodium,  which  we  saw  reacted  with  alcohols  as  with  water, 
and  we  get  the  sodium  salt  of  sodium-lactic  acid — 


Etliy- 

Etliy'iclcTic 

Etliylcne. 

Etliylcnc 

Sodium 

Disodium 

lldenc. 

lactic  acid, 
(ordinary). 

lactic  acid. 

iactatc. 

lactate. 

Cll, 

1 

CII3 

CH.,- 

CHoOH 

1 

CH3 

CH3 

1 

CII 

i\ 

CIIOH 

1 

CH.,— 

vu. 

(JHOH 

1 

(^HONa 

1 

(JO.  OH 

1 

CO.  OH 

1 

CO.ONa 

I 

CO.ONa 

I'he  dibasic  acids  may  be  regarded  as  formed  from  the 
glycols,  and  have  the  general  formula  C„Hgn(C0.0lI)2, 
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the  simplest  being  oxalic  acid,  which  is  clicarboxyl.  The 
other  important  members  of  this  series  are  succinic,  iso- 
succinic,  and  pyrotartaric  acids. 

The  most  interesting  dibasic  and  trihydric  acid  is 
malic  acid,  the  acid  in  many  fruits ; and  of  dibasic  and 
tetrahydric  acid.s,  tartaric  acid  and  its  modifications  are 
the  most  important. 

The  ethers  are  compounds  of  hydrocarbon  radicals 
with  electro-negative  elements  or  grou[)s  of  elements, 
and  correspond  exactly  to  salts  as  previously  defined. 
We  are  more  logical,  however,  here,  since  we  make 
no  exception  of  oxygen,  but  rather  the  reverse,  for  the 
oxygen  ethers  are  ethers  par  excellence. 

When  the  electro-negative  radical  is  an  element  we 
call  the  ether  simple,  and  when  it  is  a group  of  elements 
the  ether  is  said  to  be  compound,  as 

Simple  ethers — 

Etli}'!  clilovicle.  Etlivl  oxide  or  ether. 

C,H.,C1  ‘ (CdhhO 

Compound  ethers — 

Ethyl  nitrate.  Etliyl  sulph.ate.  Eth}-!  hydrogen  sulphate. 

C0H5XO3  (CoHsloSO,  (C,H5)HS0, 

Into  the  various  modes  of  producing  the  very  numer- 
ous ethers  we  cannot  enter  here,  but  Avill  study  some 
very  interesting  cases  of  metamerism  Avhich  some  mem- 
bers present,  and  the  transformations  of  Avhich  indicate 
very  clearly  the  modes  of  deducing  rational  formulae 
from  the  reactions  of  the  substances.  Before  taking 
special  cases,  however,  Ave  must  first  consider  the  general 
process  of  making  oxygen  ethers  knoAvn  as  the  “ con- 
tinuous etherification  process.”  Ordinary  (ethyl)  alcohol 
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is  converted  into  ethyl  etlier  by  tlie  action  on  it  of  sul- 
phnric  acid.  It  was  formerly  supposed  to  be  simply  a 
case  of  dehydration,  and  that  if  the  temperature  were 
higher  this  dehydration  would  be  more  complete,  as  we 
may  judge  from  its  products — 

At  140“  C.  we'have  2(C2H5)0H  = (C.,H5)o0  + H.,0 
„ 180“  C.  „ (CJl5)0H  = C.,H4  + H.,0 

The  classical  researches  of  Williamson  proved  conclu- 
sively that  it  was  not  a case  of  simple  deh}'dration,  but 
that  first  we  have  an  ether  formed  l)y  the  interaction  of 
the  sulphuric  acid  and  the  alcohol — 

(C,H5)0H  + H2S04  = C2H5HS04+  ri.,0,  like 

K0H  + H2S04=K  IISO4  + H2O 

and  that  this  ether  (known  as  ethyl  hydrogen  sulphate, 
or  sulphovinic  acid,  which  has  been  isolated,  and  which 
acts  as  a monobasic  acid)  is  decomposed  by  another  mole- 
cule of  alcohol  into  the  oxygen  ether  and  sulphuric  acid 
again — 

ColTsIsO  +C2H5lo_C.HaQ  IIlgQ 

If  the  temperature  be  high,  the  ethyl  sulphuric  acid 
decomposes  into  ethylene  and  sulphuric  acid — 

CA  jso^^C2H4  + 2 js04 


If  we  use  a mixture  of  alcohols  instead  of  one,  we  ought 
to  obtain  mixed  cthei's,  that  is,  ethers  which  may  be  con- 
sidered as  water  with  its  hydrogen  atoms  replaced  by 
different  radicals.  If  the  older  theory  were  correct,  we 
ought  to  obtain  a mixture  of  ethers. 

By  taking  amyl  alcohol  G^IIj^OH  and  heating  it  with 
sulphuric  acid  so  as  to  form  the  amyl  hydrogen  sidphate. 
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and  then  adding  methyl  alcohol,  amyl  methyl  oxide  was 
obtained,  thus — 


CJT 


OH, 


11  ( so  4-  3 ' O- 

H i H ^ ^ 


-0  + S I SO, 


Hi 


-cilM' 

Amyl  methyl  ether  boils  at  92°  C.,  but  methyl  ether, 

cn  ) 

CH^  j at  - 21°  C.,  being  a gas  at  ordinary  tempera- 

^ C'-ir  1 

ture,  and  amyl  ether,  boils  at  17G°  C.,  so  that 

wo  have  no  doubt  as  to  the  product  of  the  reaction, 
which  may  also  be  prepared  by  acting  on  sodium  methy- 
late with  amyl  iodide — 

CHaOXa  -t-  C5H1 J •-=  J 0 + Xal 


Thus  prepared  it  is  found  to  be  identical  in  every  respect 
with  that  obtained  by  the  former  process. 

The  chief  process  employed  in  the  preparation  of  the 
ethers  is  the  reaction  between  the  alcohol  and  the  corre- 
sponding acid  in  presence  of  a dehydrating  agent,  since 
water  causes  a reverse  change,  as 

C2H5OH  -{-  CH.,CO.OH  = C2H5O.COCH3  + HOn 

Ethyl  alcohol.  Acetic  acid.  Ethyl  acetate.  Water. 


If,  however,  we  heat  ethyl  acetate  with  Avater,  Ave  obtain 
ethyl  alcohol  and  acetic  acid — 


CH3CO.OC2H5  d-  HgO  = C2H5OH  + CH3CO.  OH 

To  prevent  this  reaction  a dehydrating  agent  must  be 
present.  We  may  use  the  haloid  ether  and  cause  it  to 
react  on  the  silver  salt  of  the  acid  of  Avhich  Ave  require 
the  ether.  To  obtain  ethyl  acetate  thus,  Ave  Avould  use 
ethyl  iodide  and  silver  acetate — 


C2H5T  CH3CO.  OAg = CH3CO.  OC2H5  -f  Agl 
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or  an  analogous  method  is  to  use  sodium  ethylate  and 
acetyl  chloride — 

NaOChHo  + CII3CO.  Cl  = CH  3CO.  OC2H5  + NaCl 

If  ^vc  endeavour  to  prepare  ethyl  nitrite  by  the  action  of 
nitrous  acid  upon  ethyl  alcohol,  wq  obtain  a very  vola- 
tile liquid,  boiling  at  12°  C.  15y  using  the  other  re- 
action, and  acting  on  silver  nitrite  vith  ethyl  iodide,  rve 
obtain  a totally  dilferent  body  vdiich  boils  at  113°  C. 
Which,  then,  is  the  true  nitrite? 

The  action  of  rvater,  or,  better,  of  alkalies,  splits  up 
the  ethereal  salts  into  the  alcohol  and  acid  from  vhich 
they  are  derived. 

The  first-mentioned  liquid,  boiling  at  12°  C.,  when 
acted  upon  by  potassium  li3alrate,  gives  ethyl  alcohol 
and  potassium  nitrite — 

CHI5NO2  + KOII  ■=  C JIsOK  + KNO. 

This  is,  therefore,  the  true  ethyl  nitrite. 

The  second,  known  as  Jiitro-ethane,  rvlien  similarly 
treated  gives  rise  to  a metallic  derivative — 

C2II5NO2  + KOII  = C0II4KNO2  + IIOH 

Their  molecular  structure,  however,  is  best  seen  by  con- 
sidering the  action  of  reducing  agents  upon  each. 

Ethyl  nitrite,  when  treated  with  nascent  hydrogen, 
yields  ethyl  alcohol,  ammonia,  and  water — 

C.,H.,NOo  + 3110=02115011  + N II3  + HoO 

Nitro-ethane,  when  similarly  treated,  gives  ethylamine 
and  water — 

Col  I5NO2  + 3II0  = Col  I5NH2  + 2II0O 
The  conclusions  to  be  drawn  are,  therefore,  that  in  the 
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nitrite  the  nitrogen  is  attached  to  the  radical  l)y  means  of 
an  oxygen  atom,  hut  that  in  the  nitro-hody  the  nitrogen 
is  directly  united  to  the  radical.  Thus — 


Ethyl  nitrite. 
II  H 


II — 0 — 0 — 0— X = 0 gives 


II  H 


Xitroetiiane. 

II  H 

I I 

H— C— C— X' 

i I 

H H 


Ethyl  aU-oIiol. 
li  II 

I I 

II— C— C— 0— H 

I I 

II  II 


Etliyhnnine. 

H II 

I I /II 

H— C— C-X<^g 


II  II 


We  have  likewise  two  sulistances  having  the  empiri- 
cal formula  C3H5N,  hut  their  formation  from  ethyl 
compounds  justifies  us  in  writing  C2H5(CX).  One  is 
prepared  from  potassium  ethyl  sulphate  and  potassium 
cyanide — 

[>11}  SO,  + KCX  = J>  j S04  + CoIl3(CX) 


This  cyanide  hoils  at  98°  C.,  and  has  a smell  which  is 
not  unpleasant.  It  is  called  ethyl  cyanide  or  propio- 
nitrile. 

If  ethyl  iodide  he  heated  Avith  silver  cyanide,  Ave 
obtain  a compound  of  the  same  composition  as  the  last — 

C.JI5I  + AgCX  = Agl  + C„H5(CN  ) 

It  hoAveATi’  hoils  at  82°  C.,  and  has  an  indescrihahly  dis- 
gusting odour,  Avhich  produces  violent  headaches  even 
in  minute  (quantity.  It  is  called  ethyl  isocyanide  or 
carhamiue. 

Ethyl  cyanide  reacts  Avith  Avater  (in  presence  of 
bases  especially),  thus — • 
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H H 

I 1 

1[— C-C— CEN 

II  II 


II 
II 


0 


H H 

I I 

= H -C-C— C- 0 + N 

I I I 

II  H 0-H 

rropionic  Add. 


Tlie  nitriles  or  true  cyanides  react  ■\vitli  "water  to  give 
an  acid  containing  the  same  nuinher  of  carhon  atoms, 
and  give  the  nitrogen  as  the  simjilest  amine,  i.e., 
ammonia. 

Etliyl  isocyanide  or  carhamine  reacts  with  water  (in 
presence  of  acids),  thus — 


II  II  II  H II 

I I > I I I 

1-1— C— C— N=C  + J / - H— C-C— X + II  -C=0 

II  III  I 

II  II  H H II  0-H 


The  isocyanides  react  with  water  to  form  an  ainine  willi 
an  atom  of  carhon  less  than  the  isocyanide  contains,  and 
the  simplest  acid  of  the  fatty  scries,  /.e.,  formic  acid. 

Their  formulte  may  therefore  he  written  thus — 

Etliyl  cyanide,  . . . C.iHj.CN 

Ethyl  isocyaiiide,  . . . CoHr,.NC 

The  two  series  unite  in  hydrocyanic  or  jirussic  acid,  the 
simplest  memher  of  the  series,  whose  radical  is  hydro- 
gen. The  products  of  its  reaction  witli  water  are  formic 
acid  and  ammonia.  It  therefore  agrees  Avith  the  reactions 
of  either. 
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It  has  ail  unpleasant  smell  and  is  very  poisonous,  like 
the  isocyanides,  and,  like  them,  comhines  directly  with 
hydrochloric  acid.  It  unites  with  nascent  hydrogen  to 
form  the  amine  with  the  same  number  of  carbon  atoms, 
which  is  a characteristic  of  the  true  cyanides. 


IVe  similarly  have  cyanates  and  isocyanates,  thio- 
cyanates and  isothiocyanates.  Of  the  first  member, 
cyanic  acid,  we  have  an  isomer,  isocyanic  acid,  and  the 
potassium  salts  of  both  are  known. 

K — 0— C=N  . . . Potassium  cyanate. 

K — N=C=0  . . . Potassium  isocyanate. 

The  first  is  formed  by  passing  cyanogen  chloride  into 
potassium  hydrate  solution.  The  second  is  formed  by 
fusing  potassium  cyanide  with  lead  oxide,  and  is  ordi- 
nary potassium  cyanate. 

The  amines  are  compound  ammonias,  that  is,  sub- 
stances having  the  general  properties  of  ammonia,  and 
which  may  be  regarded  as  ammonia  with  1,  2,  or  3 
monad  alcohol  radicals  for  the  same  number  of  its 
hydrogen  atoms.  They  are  called  respectively  primary, 
secondary,  and  tertiary  amines.  Taking  ethyl  as  a typical 
radical,  we  have — 


All  are  strongly  basic  bodies,  and  unite  directly  with 
acids  to  form  salts  like  those  of  ammonium.  They  likc- 


H H 


HCeeN-1-2II..  = 1I— C— N 


H H 

Methylamiiie. 


Ethylainino.  Diethylamine.  Triethylamine. 
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COM l*OUNJ)  AMMONIAS. 


wise  unite  with  haloid  ethers,  so  that  we  obtain  bodies  of 
the  type  of  annnonium  chloride  in  ’which  each  hydrogen 
atom  is  replaced  by  an  alcohol  radical. 

(CJi,);j]Sr  + C„ll5Cl=--N(C.^H5hCl  . Tetretliylainnioiiium  cliloiiilc. 

II3N  + IICI  =N(HpGl  . . Aniinoiiiiim  chloride. 

AVhen  heated  these  compounds  break  up  into  the  two 
moleeules  from  which  they  were  derived,  at  least  when 
the  alcohol  radicals  are  all  the  same. 

All  are  obtained  simultaneously  Ijy  the  action  of 
ammonia  on  the  corresponding  haloid  ether.  The  same 
proportions  are  required  for  each  : — 

NHa  + CsHgl  =NIT(CoIl5).HI 
2NH3  + 2aH5l  = N H(C.,H5)..  II I + NII3.  HI 
3NH3  + 3Ca  Hgl  = N(C., 115)3.  H I + 2(N  H3.  II I ) 

4NH3  + 4C3II5I  = N(CoH5)J  + 3(N  H3.  II  I) 

For  details  as  to  their  separation,  works  on  organic 
chemistry  must  he  consulted.  Here  we  will  only  remark 
that  on  boiling  with  an  alkali  Ave  may  distil  over  the  mono-, 
di-,  and  tri-ethylaniines,  but  the  tetrethyl  ammonium 
iodide  is  not  decomposed;  it  is,  however,  insoluble  in 
strong  alkaline  solutions  and  may  thus  be  separated.  If 
it  be  treated  with  moist  silver  oxide  the  iodine  may  be 
replaced  by  hydroxyl,  and  iSi(Con5)4011  obtained  as  a 
solid  body,  having  the  general  caustic  and  other  pro- 
perties of  potassium  hydrate. 

The  tetrammonium  compounds  arc  very  interesting, 
because  of  the  light  they  throw  upon  the  constitution  of 
ammonium  salts.  Xitrogen  and  chlorine  do  not  combine 
directly,  and,  Avhen  they  are  combined,  tend  to  separate 
Avith  explosive  violence.  It  Avas  therefore  argued  that 
Ave  ought  not  to  represent  the  chlorine  in  ammonium 
chloride  as  directly  united  to  the  nitrogen,  because. 
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wlien  wc  add  hydrochloric  acid  to  ammonia,  such  a 
representation  wovdd  mean  that  the  chlorine  must  leaA'e 
the  hydrogen  with  which  it  comhines  readily  to  com- 
liine  with  the  nitrogen.  If,  however,  we  mix  methyl 
diethylamino  with  methyl  iodide  they  unite  to  form 
dimethyl  diethyl  ammonium  iodide,  Avhich  may  also  he 
formed  hy  comhining  dimethyl  ethylamine  Avith  ethyl 
iodide,  and  then  is  found  to  possess  exactly  the  same 
properties. 

CH3  CU, 

C.IIg— N -f  •= 

CH3  CH3 

ails— N + 

CH3  CH3 

Hence,  Ave  see  that  Ave  have  a true  compound  formed 
and  not  a “molecular  compound,”  for  these  tAvo  bodies 
should  then  split  u[)  hy  heating  into  the  tAvo  molecules 
Avhich  formed  them,  and  thus  behave  differently  from 
one  another ; they  both,  however,  give  methyl  diethyl- 
amine  and  methyl  iodide.  Nitrogen  is  therefore  pentad 
in  the  ammonium  salts. 

The  action  of  nitrous  acid  on  the  primary  amines  is 
similar  to  that  on  ammonia — 

II  —X  H.,  + H— 0— N=0  = II  — 0— H + Xh,  + H.,0 
CoHg— XH;  + II— 0-N=0  = Gdlj-O— H + No  + iHO 

On  the  secondary  it  behaves  otherwise,  diethylamine 
yielding  diethyl  nitrosamine — 

(aHshllN  + HO— N=0  = (CoHg)o— N— N=0  -i-  II..0 
It  has  no  action  on  the  tertiary  amines. 
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The  amides  are  related  to  the  acids  as  the  amines  are 
to  tlie  alcohols — that  is,  one  hydroxjd,  (OH),  is  replaced 
hy  amidogen,  (KHg),  or  two  Ijy  imidogen,  (NH),  or  three 
by  nitrogen  alone — 

Acetic  acid,  . C.^IHO.OII  Acetamide,  . C-dlsO — NH,, 

Diacetamide, 

Triacetamide,  (C-.HaOhN 
CO.  OH  CO.  Oil 

Oxalic  acid,  . | Oxamic  acid,  | 

CO.  OH  CO.NIH 

C01SH„ 


Oximide, 


Oxamido, 


CO 

I 

CO. 


CONIH 

>NH 


By  dehydration  of  the  amides  the  eyanides  are  ob- 
tained— 

C2II3O 

I — HoO  = CH3.CN 

NH2 

Acetamide.  Aeetn-nitrilc 
or  methyl 
cyanide. 

CO.NHo  C=N 

I '-2H„0=| 

CO.NH2  ' C=N 

O.xamide.  Cyanogen. 


The  amides  themselves  are  obtained  by  dehydration 
of  the  ammonium  salts,  or  by  the  action  of  ammonia 
on  one  of  the  ethers  corresponding,  or  upon  the  acid 
chloride — 

(NIBbCO.,— 2H2O  = CO^^ 

Ammonium  carbonate. 

CO(OC2l-l5b  + 2NHa  = CO^|J}^  + 2C2H5OH 

Ethyl  carbonate. 

COCl2  + 4NIl3  = CO<^^{j2-l-2NIBCl 

Carbonyl  chloride.  Carbamide 

“ I'i'osgcne.”  or  urea. 
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Reference  lias  been  made  above  to  several  bodies  con- 
taining cyanogen ; several  others  containing  the  same 
radical  present  points  of  great  interest. 

One  of  tlie  most  interesting  is  the  common  substance, 
potassium  ferrocyanide.  It  is  prepared  on  a large 
scale  by  heating  together  in  iron  vessels,  scrap  iron, 
l)otassium  salts  and  nitrogenous  organic  matter.  These 
react  to  produce  potassium  cyanide.  The  potassium 
cyanide  formed  dissolves  the  iron  in  presence  of  air 
and  water,  forming  ferrous  cyanide  and  potassium 
hydrate.  The  ferrous  cyanide  combines  with  excess  of 
potassium  cyanide  to  form  the  ferrocyanide — 

Fenous  cyanide. 

2KCN  + Fe  + 2HoO  = Fe(CXh  + 2KHO  + Ho 
If  air  be  present — 

Air. 

4KCN  -1-  2Fe  + 2HoO  + 0.,  = 2Fe(CN).,  + 4KHO 
Fe(CN).3  + 4KCN  = KJeCgNs 

Ferrous  cyanide.  rotas.sium  cyanide,  rotassiuni  /er/'o-cyanide. 

Oxidising  agents  convert  the  ferrous  into  the  ferric 
cyanide,  and  we  obtain  the  /e?rfcyanide. 

2(K4C,X,.FeC.,N.,)  + Ct,  = 2(1^303X3. FeCaNj)  d-  2KC1 

Ferrous  Ferric. 

2K4FeC6Ng  + Cl„  = 2K3FeCfiNs  + 2KC1 

Ferrocyanide.  Ferrt'cyanidc. 

Potassium  ferricyanide  is  a useful  oxidising  agent  in 
idkaline  solution. 

Tlie  action  of  suljdiuric  acid  upon  potassium  ferro- 
cyanide is  an  interesting  one.  If  dilute  we  may  repre- 
sent the  action  thus — 
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Firat  stage, 


KjFcCuXb  + 31LSO,  = 2K,S04  -1-  FeSO^  + GIICX 


Second  stage,  . K4FeC„X„  + FeSOj 


or  iis  one — 


K,S04  + (K2Fe)FeC6X,; 

Everett's  wliilo 
salt. 


2K4FeC«NG  + 3IUSO4  = 3K„S04  + (K,Fe)FcC,Xe  + 6HCN 

If  the  sulphuric  acid  he  strong,  a small  (piantity  only  of 
■\v;iter  being  present,  we  have  carbon  monoxide  produced 
along  with  timmonium  suliihate,  from  the  decomposi- 
tion of  the  hydrocyanic  acid,  thus,  as  we  saw  with  the 
ethereal  cyanides — 

2HCN  + 4IUO  + IUSO4  = 2MCO.  OH  + (NHJ.,SO, 

Hydrocyanic  acid.  I'onnic  acid.  Aininoniuin 

sulidiatc. 

The  formic  acid  is,  however,  dehydrated  Ity  the  strong 
sulphuric  acid  giving  carbon  monoxide — 

HC0.01I  = lh0  + CO 
So  we  may  write  the  reaction  thus — 

2HCX  + 2ILO  + ILS04  = (NH4),S04  + 200 
and  the  entire  equation  from  the  ferrocyanide — 

K,FeC«Xe  + OlhO  + 6H0SO4  = 2K.yS04  + FeS04  + 3(XIl4hS04  + GOO 

The  water  required  is  derived  from  the  water  of  crystal- 
lisation of  the  ferrocyanide  and  from  what  is  always 
present  in  ordinary  strong  sulphuric  acid,  which  is 
approximately  12S().j -t- 1311^0  or  T2 ll.^SO^.l  loth 

The  constitution  of  potassium  ferrocyanide  is  pro- 
bably 

C—K  C— K 

/X  /\ 

N X X X 

II  I li  I 

K— C C-Fc— 0 0— K 

X X 
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corresponding  as  regards  ii 
cyannric  acid. 

Fonr  polymeric  bodies  ari 
formnla  IICNO. 

IICNO 
(HCNO)o 
(HCNOb 
(IICNO),, 


nitrogen  and  carbon  to 

knoAvn  Avitli  tlie  empirical 

. Cyanic  acid. 

Fiilminic  acid. 

Cyamii'ic  acid. 

C3’am  elide. 


Wlien  urea  (carbamide)  is  heated  in  a current  of 
chlorine  gas,  or  even  alone,  wc  obtain  cyannric  acid. 
AVhen  this  is  distilled  avo  obtain  cyanic  acid,  IlClSiO, 
which  is  a very  unstable  body,  and  Avhen  taken  out  of 
the  freezing  mixture,  Avbicb  is  necessary  for  its  con- 
densation, it  polymerises  Avith  explosive  violence, 
becoming  cyamelide,  Avliicb,  like  cyannric  acid,  passes 
back  to  cyanic  acid  on  heating. 

Cyannric  acid  by  the  action  of  phosphorus  penta- 
cbloride  is  converted  into  cyannric  chloride,  C.lS’oClo, 
Avliich  Avater  reconverts  into  the  acid. 

From  cyannric  acid  Ave  have  tAvo  isomeric  series  of 
ethers,  the  cyannric  and  the  isocyannric.  The  structure 
of  these  substances  is  probably 


C— Cl 

/\ 

N N 


Cl— C C-Cl 

\/ 

N 

Cv.anuvic  chloride. 


C— OH 
N N 


HO— C C-OH 
N 

Cynniu'ic  acid. 


C-OC.dh 

x\ 

N N 

I II 

C..ILO— C C— OC.,Ib, 

N 

Etliyl  cyanurate. 


C^O 

/\ 

CJI5— N N— CJI., 

0=.C  (i=0 

\/ 

N— CJTg 
Etliyl  isocyanurate. 
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Of  the  organo-metallic  bodies  the  most  important  are 
the  compounds  of  zinc  with  methyl  and  ethyl.  'When 
zinc  filings  and  ethyl  iodide  are  heated  together  they 
combine  directly,  forming  zinc  ethyl  iodide — 

CJT5I  ^ Zn  = Zn^^-^5 

When  this  solid  body  is  further  heated  we  obtain  zinc 
ethide  (zinc  ethyl)  and  zinc  iodide — 

2Zn<^^-^^^5= Z11I0  + Zigailjl, 


INIercury  ethide  is  prepared  by  acting  on  liquid  sodium 
amalgam  with  ethyl  iodide  (in  presence  of  etliyl  acetate, 
the  function  of  which  is  not  understood). 


IlgXa^  + 2C0H5I  = 2NaI  + HgCCoHsb 

Mercury  ethide  combines  with  mercuric  chloride  to  form 
mercury  ethyl  chloride,  llgCgUrjCl,  which,  when  treated 
with  moist  silver  oxide,  gives  the  correspondijig  hydrate, 
a powerfully  basic  body  having  the  formula 


Hg 


■C^H, 

OH 


The  molecular  formulae  of  the  magnesium,  aluminium, 
and  lead  ethides  are  respectively 


Mgcaiisb, 


rb(CJi5h. 


The  very  great  chemical  activity  of  the  zinc  compounds 
makes  them  invaluable  as  reagents  in  replacing  the 
halogens  by  the  alcohol  radicals.  Tertiary  butyl  iodide 
and  zinc  methide  give  neopentane  and  zinc  iodide. 

2C(CH3)3l  + Zn(CH3)o= 2C(CIl3h  + ZnT„ 


AROMATIC  COMPOUNDS. 
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By  acting  upon  them  with  water  we  get  the  paraffins 

Zn(CTT3h  + 21LO  = Zn(OH)2  + 2CH4 
Zn(CoIl5)o  + 2H..0  = Zn(OH)o  + 2C2Hg 

Tlie  aromatic  compounds  are,  as  above  stated,  regarded  as 
derivatives  of  benzene,  CqHq.  They  are  characterised 
by  great  stability,  although  so  far  from  complete  satura- 
tion. A metamer  of  benzene  is  known  which  shows  this 
difference  in  a striking  manner.  l)i-propargyl,  formed 
by  removing  from  di-allyl  tetrabromide  four  molecules 
of  hydrobromic  acid,  unites  with  bromine  with  great 
violence  to  form  C,jIlQBrg.  (C3II5),  allyl,  acts  as 
either  a monad  or  triad  radical.  di-allyl, 

unites  with  2Bi'2  to  form  CglljoBr^,  di-allyl  tetrabromide. 
CglljQBr^  - 41IBr  = C^Hg,  di-propargyl,  = hexune. 

Benzene  unites  with  bromine  only  very  slowly,  and 
under  the  influence  of  direct  sunshine,  to  form  as  its 
extreme  product  CgHgErg. 

The  most  characteristic  reactions  of  the  aromatic 
hydrocarbons  are  their  reactions  (1)  with  nitric  acid  to 
form  a nitro-body  and  water,  as 

CgIIg+  HN03  = CsH5(X0o)  + HoO 
CgHg  + 2IIXO3  = CfiH4(X02)2  + 2 HjO 

(2)  With  sulphuric  acid  to  form  sulphonic  acids  and 
water,  as 

CgHg+  H.,S04=CgHg  HSO3  + H.^O 
Cgllg  + 2H2SO4  = CgH4(HS03)2  2H2O 

(3)  Although  we  cannot  oxidise  benzene  without  de- 
stroying it,  its  homologues  (unlike  the  paraffins)  are 
readily  oxidised  to  benzene-carboxylic  acids. 

Benzene  may  be  formed  by  the  condensation  of  acety- 
lene by  the  action  of  heat — 
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II  II 

I I 

C=(J 
-I-  + 

11— C C— II 

\\  // 

0 + 0 

II  11 


II  II 

I i 

/ \ 

n_c  c— II 

\ / 
c-c 

I I 

II  II 


111  the  same  way  from  allyleiie  or  methyl  acetylene, 
= C2n(CII;>),  Ave  obtain  mesitylene  or  trimethyl 
benzene — 


II  OIL 


C=C 

+ 

II..  C-C 

L 

C + C 


C— II 


ILC- 


II  CII. 


II  CII3 

! I 
C=C 

/ \ 

-C  C— II 

\\  // 

C-C 

I ! 

H CII.. 


INfesitylene  is  also  formed  by  the  dehydration  of 
acetone,  Cll3 — GO — CH^,  Avhich  for  our  purpose  Ave  AA’ill 
AAU’ite — 

0=C— CII, 

"»>0 


H 


CII,  0 II.,  II 


C — 


\\l 

-c 


1I--C 

II.. 


C-CIT, 

0 


II— c 


CII,  H 


C — C 

/ \ 


\ 


C— CIU. 


C-— c 


0—0 C=ll., 

I I 

CII,  II 

As  Ivekule’s  formula  indicatc.s,  all  the  hydrogen  atoms 


CII,  H 
+ 3II..0 
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are  similar  in  every  way.  Their  value  is  identical  in 
replacement.  We  saw  this  was  not  the  case  with  the 
hexanes,  where  Ave  may  have  several  isomeric  mono- 
haloid derivatives  from  each  of  them,  but  only  one 
monochlorobenzene  is  known.  We  have,  hoAvever, 


three  dichlorobenzenes  indicated  by 
only  are  knoAvn — 

theory,  and  three 

Cl 

Cl 

Cl 

I 

'o 

C 

c 

H— Cg  qC-C1 
II  1 

/A 

H— Co  2C— II 

II— Co  *C— II 

II  1 

H— Cs  sC— H 

H—Cs  oC— Cl 

II— Co  dC— H 
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1 
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H 

II 

1 

Cl 

which  are  respectively  knoAvn  as  the 

1 : 2,  or  ortlio-  A 

1 : 3,  or  meta-  |-diclilorobenzenes. 

1 ; 4,  or  para-  J 

In  the  first,  the  chlorine  is  on  two  adjacent  carbon 
atoms ; in  the  second,  the  chlorine  is  on  tAvo  carbon 
atoms  separated  by  one  other  atom  of  carbon ; in  the 
third,  the  chlorine  is  on  tAvo  carbon  atoms  separated  by 
tAVO  other  atoms  of  carbon. 

IIoAv  are  Ave  able  to  decide  Avhicli  is  the  ortho-,  the 
meta-,  and  the  para-modification  ? 

If  by  further  action  of  chlorine  Ave  convert  each 
di-chloro-benzene  into  tri-chloro-benzenes,  of  Avhich  there 
are  also  three,  Ave  find  that  from  the  ortho-compound 
Ave  can  obtain  two,  and  tAvo  only ; from  the  meta-com- 
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pound  Ave  can  obtain  all  three  ; but  only  one  is  obtained 
from  the  i)ara-compound. 

That  this  must  be  so  is  apiairent  from  the  folloAving. 
Pour  hydrogen  atoms  remain  in  the  di-ehloro-benzenes ; 
an  atom  of  chlorine  may  replace  any  one  of  them,  Avlien 
Ave  Avill  obtain  the  folloAving  four  from  each  : — 


Ortho- 1 : 2- 
{a)  1:2:3 
{b)  1:2:4 
(h)  1:2:5 

(ft)  1:2:6 


-Alota- 1 : 3. 
(ft) 1:2:3 
{b)  1:3:4 
(c)  1:3:5 
{b)  1:3:6 


J’ara- 1 : 4- 

(b)  1:2:4 
ib)  1:3:4 
(/d  1 : 4 : 5 
{b)  1:4:6 


All  those  marked  (a)  arc  alike,  for  in  each  Ave  haA'c 
the  chlorine  on  three  adjacent  carbon  atoms. 

In  those  marked  (h)  aa'c  liaA'e  it  on  tAvo  together  and 
one  separated. 

In  that  marked  (c)  the  carbon  atoms  arc  united  to 
chlorine  and  hydrogen  alternately. 

By  the  study  of  such  reaction.s,  i)roperly  selected,  Ave 
can  determine  the  orientation,  as  it  is  termed,  of  the 
Aharioiis  radicals  introduced  in  i)lace  of  the  original 
hydrogen  atoms. 

As  to  the  homologues  of  benzene,  aa-cIuiat  isomerism  and 
nietamerism  aa’cII  illustrated,  as  mentioned  (p.  95).  IMono- 
niethyl  benzene  exists  as  toluene,  C-Hg  = Cgll^  - Clio, 
and  only  one  is  knoAA'n ; but  of  dimethyl  benzenes, 
Cglljo,  Ave  knoAA'  three,  corresponding  to  the  three  di- 
chloro-benzenes  and  from  Avhich  each  one  may  be  ]iro- 
duced  in  turn  by  the  action  of  sodium  and  methyl 
chloride, 

C«lCCh  + 2CII3CT  + 4Na  = CgIC(CH3)o4-  4NaCl 
'W^e  liaA’e  also  mctameric  Avith  these,  ethyl  benzene, 
CgU--C.dl5,  and  prepared  from 

03115111-  + C3lCr.r-l-2Na  = C„Ih-C,Ha  4- 2NaBr 
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'When  oxidised  the  three  dimethyl  benzenes  give  rise 
to  three  isomeric  dicarhoxylic  acids — 


C«Il4< 


CO.OII 
CO.  OH 


Ethylbenzene  gives  mono-carhoxyl  benzene,  or  benzoic 
acid,  CO.OII. 

The  most  interesting  reactions  of  henzeiie  and  its 
homologues  are : — 

1.  Action  of  chlorine — (a)  'When  hot  the  chlorine 
replaces  the  hydrogen  in  the  side  chain.  (It)  AVhen 
cold,  and  in  presence  of  iodine,  the  chlorine  replaces  the 
hydrogen  in  the  benzene  nucleus. 

2.  Action  of  strong  nitric  acid  produces  nitro-com- 
pounds  by  the  replacement  of  hydrogen  by  the  monad 
group  AOo,  water  being  simultaneously  produced. 

3.  Action  of  strong  sulphuric  acid  to  form  sulphonic 
acids  aud  water. 

■I.  By  fusion  of  the  sulphonates  with  potassium  hy- 
drate we  obtain  the  hydroxyl  derivative  and  a sulphite — 
CAE  - ESOa  + KHO  = CgHjOII  + K.SOa 

-3.  By  reduction  Avith  nascent  hydrogen,  or  other  re- 
ducing agent,  avc  may  convert  the  nitro-derivative  into 
the  corresponding  amido-derivatiA^e,  as 

C^HsIs  0,  + 3IB= CtilENH.  + 2HoO 

G.  The  action  of  nitrous  acid  on  the  salts  of  the  amido- 
derivative  gives  rise  to  salts  of  diazo-compounds — 

C«H5NH.,-HN03  + UNO.,  = CAE-^^=H-N03  + 2T1.,0 

Aniline  nitrate.  Niti'ous  acid.  iJiazo-benzenc  nitrate.  AVater. 

These  decompose  as  folloAvs  : — 

1.  WitliAvater  they  produce  the  hydroxyl  derivatives — 
CAE  - N=N  - Cl  + II.,0  = CglEOH  + HCl  + X.  ■ 

niazo-benzenc  eliloride. 
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This  corresponds  to  the  conversion  of  a fatty  amine  into 
an  alcohol  by  nitrous  acid. 

2.  With  alcohol  v’c  get  the  hydrocarbon  itself  and 
aldehyde — 


3.  The  platinochlorides,  on  distillation  Avith  dry 
sodium  carbonate,  yield  the  chlorinated  hydrocarbon — 


4.  The  bromides  combine  Avith  a molecule  of  bromine — 
C«ll5  - NrzN  - By  + Br,  = Br— N— CgHj 

]]r— N— Br 

The  tribromide,  on  dry  distillation  or  boiling  Avith  strong 
alcohol,  gives  the  brominated  hydrocarbon — 


Another  very  interesting  hydrocarbon,  na})hthalene, 
Cio^^s’  obtained  also  from  coal  tar,  and  it  is  likcAvisc 
the  starting-point  of  a series.  It  is  like  a double  ben- 
zene nucleus,  and  is  represented  thus  : — 


Cglb  - N=N  - Cl  + C 0H5OII  = Cell 6 -f  11  Cl  -H  N,  -f  CH3.  CHO 


Cells  - CeHsBr  -f  N.  + Bp 


II  H 


C C 


C C 


H H 


What  reasons  have  Ave  for  supposing  this  represents  the 
constitution  of  naphthalene?  AVe  have  the  folloAving, 
among  other  proofs  : — 


XAPHTHALEXE. 
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1.  J^aphthalene  when  oxidised  gives  phtlialic  acid 
C,;n^(CO.OII)o,  which  is  an  ortho-derivative  of  benzene, 
that  is,  the  two  carboxyl  groups  occupy  the  positions 
1 : 2 (see  above). 

2.  AVe  get  the  same  body  from  the  oxidation  of 
dichloronaphthoquinone. 

3.  If  we  use,  however,  pentachloronaphthalene,  wliich  is 
obtained  by  acting  on  dichloronaphthoquinone  with  phos- 
phorus pontachloride,  we  obtain  totrachlorophthalic  acid. 

Reaction  1 shows  it  has  one  benzene  nucleus. 

Reaction  2 shows  it  has  one  benzene  nucleus. 

Reaction  3 shows  it  has  two  benzene  nuclei,  becairse 
the  nucleus  in  2,  which  was  then  destroyed,  has  been 
rendered  more  stable  as  regards  oxidation,  and  the  other 
nucleus  is  destroyed,  the  nucleus  being  marked  as  it 
were,  by  the  two  chlorine  atoms. 

Graphically  we  may  represent  these  changes  thus  : — 
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II 
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Cl 


Cl 


(=0 


ii-c 


\/\y 

c c 

I I 

II  Cl 


Cl 
C— Cl 


gives 


It  Avill  readily  be  seen  from  tbo  aliove  formula  that 
Ave  ouglit  to  liavc  tAvo  mono-deriAmtives  of  najdithalene. 
XoAv  tAVO  are  knoAvn,  and  tAvo  only,  of  each  kind,  AA’hicli 
are  knoAvn  as  the  a and  derivatives  respectively — 


a a 


a a 


The  four  a positions  are  identical,  as  arc  also  the  four 
/?  positions. 

The  constitution  of  tAvo  other  important  hydrocarbons, 
anthraceue  and  phenauthrene,  ma}"  he  shoAvn  to  he — 


Aiitliracciie. 


II 


IT 


II 
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A i‘ 

II— Cl  C-C— 0 iC— IT 
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I'henanthrent'. 


H IT 

I I 

C IT  II  0 

ll_cf  L'^  ^C— II 


II— C C-II 

C ^0 

\ / 

I I 

H II 


Aiitliracene  on  oxidation  gives  anthraqninone — 

and  tliis  on  treatment  with  strong  sulphuric  acid  so  as 
to  give  the  disid phonic  acid  and  sid)sequent  fusion  Avith 
sodium  hydrate,  produces  the  very  important  colouring 
matter  alizarin,  Avhich  is  one  of  the  di-hjnlroxy-anthra- 
quinones. 

IS^ot  only  do  we  have  carbon  atoms  uniting  to  form  a 
stable  nucleus,  but  avc  have  them  uniting  Avith  those 
of  other  elements  also,  as  the  folloAviug  graphic  formulae 
of  some  interesting  compounds  indicate : — 


Thiophene. 

CAI4S 

II— C C -H 

II—C  C— II 

\/ 

kS 


Pyrrol. 

C4H5N 

II— C C— II 

II—C  G_II 

\/ 

NH 
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Pyridine. 

CsH.N 
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Quinoline. 
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Picoline,  of  which  there  are  three  modifications,  is 
metameric  with  aniline.  Unlike  aniline  it  acts  as  a 
tertiary  base,  and  is  unaffected  by  nitrous  acid,  which 
converts  aniline  (as  it  docs  other  primary  amines) 
finally  into  the  hydroxyl  derivative,  becoming 

CelljOn,  just  as  ColI^NHo  becomes  CoH^OII. 
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CHAPTER  VII. 

ABNORMAL  VAPOUR  DENSITIES  AND  DISSOCIATION. 

AVe  have  already  seen  the  very  great  value  of  the  deter- 
mination of  the  density  of  substances  in  the  state  of 
vapour  in  assigning  to  them  their  molecular  weights. 
There  were  for  a long  time,  however,  apparently  very 
well  marked  exceptions  to  the  rule,  the  best  known  of 
which  are  ammonium  chloride  and  sulphuric  acid. 

The  vapour  density  of  ammonium  chloride  is  13T 
times  that  of  hydrogen,  and  this  indicates  a molecular 
Aveight  of  26‘8.  All  other  considerations,  however, 
point  to  twice  this,  or  53‘5,  as  being  the  most  prob- 
able number;  for  example,  it  is  formed  by  the  direct 
union  of  one  molecule  of  ammonia  with  one  molecule  of 
hydrochloric  acid,  the  respective  weights  of  which  are 
17  and  3 6 ‘5.  If  Ave  suppose  the  union  gives  rise  to  tAvo 
molecules  of  ammonium  chloride,  each  having  a Aveight 
of  2 6 ‘7 5,  it  is  clear  Ave  must  halve  the  atomic  Aveights 
of  nitrogen  and  chlorine.  Another  explanation,  and, 
as  Ave  shall  see,  the  correct  one,  is  much  simpler,  and 
that  is,  that  there  is  no  vapour  of  ammonium  chloride, 
but  that  AAdien  Ave  heat  solid  ammonium  chloride  it 
separates  into  its  tAvo  proximate  constituents,  and  if 
these  be  alloAved  to  cool  they  again  reunite  to  form 
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solid  ammonium  cliloridc.  In  the  same  Avay  vre  explain 
the  very  low  density  of  the  vapour  from  strong  sulphuric 
acid.  From  its  hehaviour  as  an  acid  there  is  little 
douht  that  it  should  he  represented  as  lIoSO^,  and  if  .so, 
this  necessitates  a molecular  weight  of  98  and  a A\apour 
density  of  49.  Experiment,  however,  shows  the  true 
density  of  the  vapour  to  he  only  half  of  this,  viz.,  24'5. 
This  would  involve,  among  other  conseipiences,  the 
atomic  weight  of  sulphur  being  IG  instead  of  32,  and 
sulphuric  acid  being  represented  as  a monobasic  acid. 
The  question  i.s,  then.  Docs  the  molecule  IDSO^  exist 
as  such  in  the  state  of  vapour,  or  does  it  decompose 
into  HoO  + SOo  1 If  the  latter,  this  would  explain  the 
observed  vapour  density,  as  the  98  parts  would  be  ex- 
tended to  twice  the  normal  volume,  and  hence  give  half 
the  normal  density.  AVe  will  consider  the  experimental 
proofs  for  these  theoretical  explanations  above  given. 

AVhen  ammonia  and  hydrochloric  acid  gases  are 
mixed  at  such  a temperature,  that  no  solid  is  prodiiced, 
we  have  no  contraction  in  volume  and  no  evolution  of 
heat,  and,  in  fact,  no  evidence  of  chemical  change  of 
any  kind. 

Ammonia  gas  is  just  about  half  as  dense  as  hydro- 
chloric acid,  and  therefore  might  be  separated,  partially 
at  any  rate,  from  the  hydrochloric  acid  by  utilising  their 
diherent  rates  of  dilfusion,  and  we  ought  at  the  same 
time  to  find  the.  excess  of  the  hydrochloric  acid  re- 
maining. Febal  .showed  this  very  clearly  by  a simple 
experiment,  by  heating  some  solid  ammonium  chloride 
in  a gla.ss  tube  with  an  asbestos  partition.  The  gases 
evolved  were  carried  away  by  a current  of  hydrogen 
(which  has  no  eilect  on  either  gas).  The  result  was 
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that  the  gases  passing  tliroiigli  tlie  partition  contained 
excess  of  ammonia,  and  Avhen  passed  into  red  litmus 
solution  turned  it  blue,  and  the  gases  which  did  not  go 
through  the  partition  reddened  blue  litmus,  clearly 
proving,  at  any  rate,  that  both  ammonia  and  hydro- 
chloric acid  gases  existed  as  such  in  the  vapours  from 
ammonium  chloride. 

Further,  IMarignac  has  shoAvn  that  the  heat  required 
to  convert  ammonium  chloride  into  vapour  is  out  of  all 
]>roportion  to  that  required  to  volatilise  its  constituents, 
but  is  practically  equal  to  that  evolved  by  their  com- 
bination. 

In  a similar  way  sulphuric  acid  may  be  shoAvn  to 
dissociate,  for  if  it  be  kept  for  some  time  in  the  condi- 
tion of  vapour  in  a flask  with  a small  aperture,  the  Avater 
escapes  by  dilfusiou  more  rapidly,  and  the  Aaapour  inside 
the  flask  contains  more  molecules  of  sulphur  trioxide 
than  of  Avater. 

Ammonium  carbamate,  CO(Xno)(OXII^),  AA'liich  is 
formed  by  the  direct  union  of  dry  ammonia  gas  Avith 
carbon  dioxide,  breaks  \qi  into  one  volume  of  carbon 
dioxide  and  tAvo  volumes  of  ammonia,  giving  only  one- 
third  of  the  density  required  l)y  the  above  formula — 


The  gases  reunite  on  cooling.  Ethyl  carbamate,  or 
urethane,  is  hoAvever  quite  normal,  the  vapour  density 
corresponding  to  the  formula 


Another  interesting  example  is  calomel,  or  mercurous 
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chloride.  It  has  long  been  known  that  although  mer- 
curic chloride  could  be  purified  by  sublimation,  calomel 
purified  by  washing  with  water  Avas  rendered  more 
impure  by  being  sublimed.  Small  quantities  of  both 
mercury  and  mercuric  chloride  were  found  to  be 
present  in  the  sublimed  mass.  Its  vapour  density  is 
only  half  of  that  required  by  the  formula  IIgoCl2) 
Avhich  seems  to  be  that  most  probable  from  general  con- 
siderations, such  as  its  analogy  to  cuprous  chloride.  It 
is  true  that  HgCl  could  be  adopted  as  its  formula,  and 
this  would  agree  with  its  vapour  densit}'.  But  Ave  knoAv 
that  AAuthout  doubt  its  A^apour  consists  of  mercuric 
chloride  and  mercury,  and  that  the  small  quantities  of 
these  AAdiich  Ave  ahvays  find  in  sublimed  calomel  are 
only  those  molecules  AAdiich  have  lost  one  another,  and 
got  too  cold  to  react  on  each  other.  If  A\-e  adopted  the 
formula  IlgCl  it  AA^ould  mean  that,  if  all  the  molecules 
behaved  similarly,  the  mercury  and  chlorine  atoms  com- 
pletely separated,  and  that  then  only  one-half  of  the 
atoms  of  mercury  combined  AAuth  the  molecides  of  chlo- 
rine AAdiich  AA'ould  lie  at  the  same  time  produced.  If  Ave 
adopt  the  formula  llg^Clg,  each  molecule  lireaks  up  into 
Ilg -I- HgClg.  By  keeping  a platinum  tube  cooled  by 
AA'-ater  in  the  vapour  from  mercurous  chloride,  AA'e  can 
readily  obtain  mercury,  or  by  exposing  gold  to  the 
vapour  it  becomes  coated  AAutli  mercury,  although  it  is 
quite  unacted  upon  either  by  mercurous  or  mercuric 
chloride  AAdien  the  moist  poAA’ders  are  rubbed  on  it. 

Perhaps  the  most  famous  instance,  hoAvever,  is  that 
of  chloral  hydrate,  Avhich  AA*as  long  regarded  as  a typical 
exception  to  Avogadro’s  laAv,  or  as  a good  instance  of  a 
“ molecular  compound.”  Its  formula  is  CClg.CIIO.HoO, 
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or  CCl3.CH(OH)2.  Chloral  is  a liquid  boiling  at  94-o“  C., 
which  readily  combines  with  water  to  form  the  hydrate. 
The  water  is  easily  separated  again  by  dehydrating 
agents,  such  as  strong  sulphuric  acid.  The  density  of 
the  vapour  from  chloral  hydrate  is  41 ‘4,  which  is  only 
half  what  theory  requires  for  the  above  formula.  The 
boiling-points  of  chloral  and  of  water  being  so  near 
together  prevents  their  separation  by  careful  cooling. 
Troost  devised  a most  ingenious  test  for  the  presence  of 
water  in  the  vapour,  without  any  fear  of  decomposing 
even  a very  unstable  compound,  as  a feeble  dehydrating 
agent  would  do.  lie  said,  if  it  is  completely  decom- 
posed into  vapour  of  chloral  and  vapour  of  water,  half 
of  the  pressure  of  the  vapour  will  be  due  to  the  chloral 
and  the  other  half  to  the  steam.  Many  hydrated  salts 
give  off  vapour  of  water  in  a dry  atmosphere,  but  if  the 
tension  of  aqueous  vapour  present  be  greater  than  that 
from  the  salt,  no  vapour  will  be  given  off.  If,  there- 
fore, some  hydrated  salt  (and  the  one  selected  Avas 
hydrated  potassium  oxalate,  Iv2C20j,Ih,0)  be  placed  in 
the  vapour  from  chloral  hydrate,  at  such  a temperature 
that  its  tension  is  less  than  half  of  that  yielded  by  the 
chloral  hydrate,  it  ought  not  to  give  off  any  vapour  of 
Avater ; but  if  the  vapour  be  truly  a simple  vapour,  and 
containing  no  Avater  as  such,  then  the  hydrated  salt 
ought  to  decompose  into  anhydrous  salt  and  Avater 
vapour.  iS’oAv  Wurtz  shoAved  that  Avhen  the  potassium 
oxalate  Avas  introduced  no  increase  in  the  tension  of  the 
vapour  Avas  observed,  conclusively  proving  that  the 
tension  of  the  vapour  of  Avater  present  in  the  chloral 
hydrate  vapour  Av^as  equal  to  or  greater  than  that  from 
the  hydrated  salt  at  the  temperature. 
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In  the  cases  given  ahove  we  do  not  seem  to  liave  any 
of  the  compound  in  the  state  of  va]jour,  or  only  a very 
small  amount  at  most  can  exist,  that  is,  we  have  no  proof 
that  the  molecules  ^sdl^Cl,  n,80^,  or  CCly.CII(OlI). 
exist  in  the  gaseous  condition. 

A very  interesting  case,  in  some  respects  resemhling 
that  of  amnuniium  chloride,  is  that  of  amylene  hydro- 
bromate,  C^lI^yllBr.  "When  this  is  carefully  volatilised 
at  temperatures  not  more  than  about  40°  above  its  boil- 
ing-point, we  get  the  vapour  density  })ointing  to  the 
fornuda  C-H^^Er ; but  if  we  make  a series  of  determina- 
tions at  various  temperatures  we  lind  that  the  vapour 
density  gradually  diminishes  till  it  again  liccomes 
stationary  at  exactly  half  what  it  was  near  the  boiling- 
point.  It  is  thus  completely  broken  up  into  amylene, 
C^II^Q,  and  hydrobromic  acid,  lllir,  which  recombine  on 
cooling,  although  never  completely,  the  residue  giving 
evidence  as  to  Avhat  has  ha})pened.  Here,  then,  we 
have,  from  150°  C.  to  180°  C.,  a gas  consisting  of  mole- 
cules of  and  above  180°  C.  up  to  3G0°  C., 

there  are  present,  not  only  molecules  of  C5lIJ;^Br,  but 
also  of  CjIl^Q  and  IIBr,  and  the  two  latter  go  on  in- 
creasing as  the  temperature  rises,  while  the  first  dimi- 
nishes till  it  becomes  extinct  at  3G0°  C. 

Very  many  cases  exist  of  this  nature,  and  one  which 
has  been  carcBdly  stiulied  is  phosphorus  pcntachloride, 
the  vapour  density  of  which  corresponds  to  neither  that 
retpiircd  for  BCl^  nor  for  BClg  + Cl,  (unless  at  very  high 
temperatures).  The  colour  of  the  vapour  is  greenish- 
yellow,  and  this  is  rendered  more  ai)parcnt  the  higher 
the  temperature.  This  points  to  a decomposition  into 
rCl3 -h  Clo,  to  some  extent  at  least.  Cahours  said  that 
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PCI3  gave  three  volumes  of  va[)Our  (taking  the  ordinary 
molecular  volume  = 2 volumes),  or,  in  other  "words,  its 
vapour  density  was  only  two-thirds  of  what  its  formula 
requires.  This  can  he  explained  hy  supposing  only 
half  of  it  decomposes — 

2PC15  = PCI,,  rci:j  -f  Clo 

4 vols.  = 2 vols.  -t-  2 vols.  -f  2 vols. 

or  2 volumes  hecominq  3 volumes. 

O 

Let  us  try  to  picture  Avhat  is  taking  place  in  the 
vapour  under  such  circumstances.  PCI-  is  constantly 
being  decomposed  into  PCI3  4-  CL,  which  tend  to  re- 
unite and  reform  PCL,  and  as  many  decompositions  as 
recombinations  take  place  in  a unit  of  time  when  the 
vapour  density  is  constant.  Suppose  we  mix  the  vapour 
with  that  of  one  of  the  constituents  in  a proportion 
similar  to  Avhat  Ave  suppose  to  exist,  Ave  ought  then  to 
get  a much  larger  number  of  recombinations  from  the 
much  greater  number  of  opportunities  for  recombina- 
tion. Experiment  fully  hears  out  this  explanation,  for 
Avhen  Ave  mix  the  A'apour  of  phos})horus  pentachloride 
Avith  a sufficient  quantity  of  that  of  the  trichloride  avc 
have  practically  no  decomposition  at  all. 

Yet  another  case  before  avc  consider  the  vapour 
densities  of  some  of  the  elements.  Tavo  bodies  are 
kjiOAvn  having  the  same  percentage  composition,  and 
respectively  represented  by  the  formulse  XO.,  and 
The  former  is  a dark-coloured  gas,  Avhich  condenses  to 
a coloured  liquid,  the  latter  being  in  both  conditions 
colourless.  The  dark  colour  of  the  A'apour  increases 
very  rapidly  Avith  rise  of  temperature,  in  spite  of  the 
contrary  effect  produced  hy  expansion.  This,  then,  is  a 
visible  proof  of  the  decomposition  of  Y.,0^  into  2XU„. 
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The  following  table  shows  the  rate  at  which  the  change 
proceeds : — 


Temperature. 

Vapour  Density. 

Percentage 
decomposed  into 
L'XOo. 

26-7°  C. 

38-3 

20-0 

49-6 

3-2-8 

40-0 

70-0 

27-7 

65-6 

100-1 

24-2 

89-2 

135-0 

23-1 

98-7 

154-0 

22-8 

Total. 

If  we  consider  the  vapour  density  of  sulphur,  it  shows 
just  the  same  thing ; at  about  500°  C.  it  is  about  9G 
times  that  of  hydrogen  at  the  same  temperature,  indi- 
cating a molecular  weight  of  192  and  a formula  ; but 
at  about  1000°  C.  its  density  has  fallen  to  32,  therefore 
its  molecule  has  become  S.-,,  and  it  remains  so  apparently 
at  the  very  highest  temperatures  yet  tried.  The  halogens 
are  by  no  means  so  stable,  although  at  comparatively  low 
temperatures  the  molecules  consist  of  two  atoms,  yet  on 
raising  their  temperature  we  get  more  and  more  molecules 
broken  iip  into  single  atoms.  This  happens  most  readily 
with  iodine,  and  the  rate  of  the  breaking  up  of  its  mole- 
cules is  indicated  in  the  following  table 


Temperature. 

Vapour  Density. 

Pei'centage  of 
Decomposition. 

448°  C. 

126-2 

764 

119-6 

• • • 

940 

110-5 

14-5 

1043 

101-2 

25-0 

1275 

84-0 

50-5 

1390 

76-1 

66-2 

1468 

73-1 

73-1 

deville’s  “hot  and  cold”  tube. 
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The  density  of  cliloriiie  diminishes,  and  according  to 
Y.  jMeyer,  becomes  stable  at  two-thirds  of  that  required 
for  CI2.  Oxygen  and  nitrogen  are  like  sulphur,  the  atoms 
still  being  united  in  pairs  at  the  highest  temperatures  ; 
at  least  we  have  not  been  able  to  detect  any  breaking  up 
l>y  density  determinations.  IMercury  likewise  shows  no 
decrease  in  its  vapour  density.  This  is,  of  course,  Avhat 
we  should  expect,  as  we  assume  its  vapour  to  consist  of 
isolated  atoms  at  the  lowest  temperatures  ; and  this  con- 
dition apparently  is  general  for  the  molecules  of  metals, 
Zn,  Cd,  K,  Ya,  being  the  molecular  formulee  for  these 
substances. 

The  above  cases  of  l)reaking  up  of  molecules  have 
been  studied  by  the  variations  of  their  vapour  densities 
from  the  normal  ones.  As  the  vapours  cool  they  recom- 
bine, and  the  original  solid  or  liquid  is  reformed.  To 
decompositions  of  this  class  Deville  applied  the  term 
dissociation,  and  the  term  thermohjsis  has  also  been  ap- 
plied to  the  same.  One  or  two  other  methods  of 
demonstrating  the  decomposition  of  bodies  usually  called 
stable,  have  been  applied  by  Deville.  Of  these  the 
neatest  is  the  “ hot  and  cold  tube,”  in  which  we  have 
an  outer  porcelain  tube,  Avhich  is  placed  in  a furnace, 
it  is  closed  at  each  end  by  a cork  with  two  holes,  one  of 
Avhich  is  in  the  centre  of  each  stopper,  and  passing 
through  these  is  a tube  of  some  metal,  such  as  silver ; 
the  other  holes  are  fitted  Avith  tubes  for  the  ingress  and 
egress  of  the  vapour  under  experiment.  To  use  the 
apparatus,  first  a rapid  stream  of  cold  Avater  is  sent 
through  the  metal  tube,  then  the  temperature  of  the 
furnace  is  raised  to  a high  temperature,  and  the  vapour 
pa.ssed  through.  If  Ave  take  as  an  example  .sid})hur 
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dioxiiU',  wc  liiul  tliai  tlie  silver  tube  is  blackened,  and 
that  the  black  substance  is  nothing  but  silver  sulphide. 
AN’  e also  lind  that  the  issuing  gas  contains  suljdmr  tri- 
oxide, and  that  we  have  had  the  following  decomposi- 
tion ; — 

GS02  = So  + 4S03 

Similarly,  carbon  monoxide  was  dccomi)Osed  into  carbon, 
which  was  deposited  on  the  cold  tube,  and  carbon  di- 
oxide, which  escaped  Avith  the  unchanged  monoxide — 

2CO  = C + CO, 

Hydrochloric  acid,  even  at  3G0°  C.,  has  no  action  on 
silver  amalgam,  but  on  amalgamating  the  silver  tube, 
and  then  transmitting  a current  of  pure  dry  hydrochloric 
acid  gas  through  the  annular  space  between  the  tubes, 
the  silver  and  mercury  Avere  converted  into  chlorides, 
and  a small  quantity  of  hydrogen  Avas  obtained  on 
})assing  the  issuing  gases  into  Avater;  here  Ave  have  a 
proof  that  2IIC1  = 112  + ^^2  temperatures.  In 

each  of  these  cases  Ave  have  conclusive  evidence  of 
decomposition  having  taken  place,  but  have  no  measure 
of  the  extent.  All  Ave  get  is  Avhat  has  escaped  recom- 
bination during  the  cooling.  One  thing  clearly  shoAvn  is, 
that  at  temperatures  far  beloAv  those  Avhich  are  jAroduced 
by  the  combination  of  the  elements,  Ave  haA’e  them  exist- 
ing in  the  free  state  in  presence  of  each  other.  Xothing 
can  make  this  clearer,  hoAvever,  than  the  experiments 
of  Grove  and  others  on  Avater.  If  j)latinum  bo  heated 
till  it  melts,  by  means  of  the  oxyhydrogen  bloAv-pipe, 
that  is,  at  a temperature  produced  by  the  union  of 
hydrogen  Avith  oxygen,  and  then  jioured  into  cold  Avater 
Avhich  has  been  recently  boiled,  along  Avith  the  steam 
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we  have  bubbles  of  permanent  gas  ascending  from  the 
platinum  to  the  surface  of  the  water.  On  examining 
this  gas  by  passing  an  electric  spark  through  it,  we  have 
an  explosion  followed  by  contraction,  almost  the  whole 
of  the  gas  disappearing,  steam  having  been  produced 
and  then  condensed.  The  permanent  gases  Avere  evi- 
dently a mixture  of  hydrogen  and  oxygen.  The  Avater 
had  been  decomposed  by  the  passage  through  it  of  the 
intensely  heated  platinum  Avhich,  hoAvever,  could  not  be 
at  a temperature  higher  than  that  produced  by  the  com- 
bination of  the  tAvo  elements,  but  Avas  even  Avhen  at  its 
hottest  sensibly  beloAv  it.  Water,  then,  can  be  decom- 
posed into  its  elements  at  temperatures  far  bcloAv  that 
produced  by  the  union  of  these  elements  Avhen  it  is 
the  product.  A modification  of  this  experiment,  Avhich 
is  not  only  far  more  easily  performed  but  exhibits  the 
dissociation  at  much  loAver  temperatures,  is  to  bloAv  the 
steam  from  Avater  Avhich  has  been  boiling  for  half  an 
hour,  over  a coil  of  platinum  Avire  kept  incandescent  by 
the  passage  through  it  of  a galvanic  current,  into  cold 
boiled  Avater.  The  instant  that  the  Avire  is  heated,  the 
sharp  crackling  sound,  produced  by  the  pure  steam  con- 
densing in  the  cold  Avater,  is  changed  to  the  muffled 
sound  from  the  condensation  of  the  steam  mixed  Avith 
permanent  gas.  In  this  Avay  it  is  easy  to  collect  many 
cubic  centimetres  of  explosive  gas  in  a short  time. 

If,  then,  steam  be  so  readily  broken  up  by  a tempera- 
ture at  Avhich  platinum  is  not  melted,  Avhat  must  be  the 
constitution  of  a flame  produced  by  the  union  of  hydrogen 
and  oxygen?  1 gram  of  hydrogen  unites  Avith  8 grams 
of  oxygen  to  form  9 grams  of  Avater,  and  Avith  the 
evolution  of  34,500  heat  units.  If  Ave  suppose  all  this 
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to  be  retained  in  the  steam  produced,  and  that  the  com- 
bination is  instantaneous,  we  find  tliat  we  ought  to  have 
a temperature  of  about  6800°  C.  This  is  clear  from  the 
following : — The  34,500  units  are  due  to  the  heat  evolved 
in  the  formation  of  steam  from  its  elements  -f-  the  latent 
heat  of  the  9 grams  of  steam  + the  heat  given  out  by 
the  water  at  100°  C.,  falling  to  0°  C. 

Since  the  specific  heat  of  steam  is  sensibly  the  same 
as  that  of  the  mixture  of  hvdrogen  and  o.xvgen,  = 'tTo, 
we  get 

/-=  9 x 100  = 900 

34500=-]  + 9 x 537  = 4833 

1 + 9(-475)(T. -100)  = 4-275T. -427 


34500 

29194000 

6829° 


4-275T. +5306 
4275T, 

T. 


iSfany  attempts  have  been  made  to  determine  the 
highest  temperature  of  the  o.xyhydrogen  flame,  but  no 
one  has  obtained  anything  like  so  high  a result  as 
that  calculated  above.  Apparently  it  does  not  exceed 
2300°  C. 

What  is  then  the  cause  of  this  great  discrepancy  ? 

It  has  been  clearly  proved  that  the  heat  generated 
by  the  union  of  two  liodies  to  form  a compound  is 
exactly  equal  to  that  required  to  decompose  that  com- 
pound into  those  constituents.  Then  the  heat  given  out 
by  1 gram  of  hydrogen,  combining  with  8 grams  of 
oxygon,  is  exactly  that  required  to  decompose  the 
9 grams  of  steam  back  into  its  elements.  Are  we  then 
to  suppose  that  no  chemical  change  will  take  place? 
The  real  change  is  a gradual  one,  or  we  may  imagine 
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instantaneous  coniljination  of  the  whole,  and  then  a 
decomposition  to  a certain  extent,  accompanied  with 
fall  of  temperature,  so  that,  at  the  temperature  now 
attained,  we  may  have  a stable  mixture  of  hydrogen, 
oxygen,  and  steam.  As  heat  is  allowed  to  escape  or  is 
abstracted,  we  have  a lower  temperature  produced,  and 
then  a larger  proportion  of  the  elementary  gases  unite 
till  the  union  is  complete.  Deville  showed  this  actually 
to  be  the  case  by  mixing  carbon  monoxide  and  oxygen 
in  the  proportions  in  which  they  combine;  and  then 
igniting  the  mixture  at  a jet,  by  a very  simple  method 
ho  was  able  to  draw  samjdes  of  the  gases  from  any 
part  of  the  flame,  and  then  determine  the  composition 
of  the  mixture,  lie  found  that  at  the  hottest  part  of 
the  flame  more  of  the  separate  gases  existed  in  proportion 
to  the  compound  formed ; but  as  he  took  samples  higher 
and  higher  in  the  flame  he  got  relatively  lower  and  lower 
temperatures,  and  at  the  same  time  more  and  more  of  the 
compound,  till,  at  the  tip  of  the  flame,  carbon  dioxide 
was  found  free  from  the  monoxide.  A very  instructive 
instance  is  that  of  hydriodic  acid  gas,  which  is  both 
readily  formed  and  readily  decomposed  at  comparatively 
low  temperatures.  If  we  mix  exactly  equal  volumes  of 
hydrogen  and  iodine  vapour,  and  pass  them  together 
through  a long  heated  tube  containing  spongy  platinum, 
and  then  analyse  the  gaseous  mixture  which  comes  out 
of  the  tube,  we  find  it  to  be  identical  in  composition  with 
that  obtained  by  passing  dry  hydriodic  acid  gas  through 
the  tube  at  the  same  temperature,  but  that  for  every 
diflerent  temperature  there  is  a new  ratio  amongst  the 
components.  The  stability  of  the  compound  varies  with 
the  temperature,  and  the  gaseous  mixture  consists  of 
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compound  molecules  breaking  up  into  their  elements, 
and  the  converse,  the  elements  reuniting  to  form  the 
compound,  'When  an  equal  number  of  conq)Ound  mole- 
cules are  decomposed  and  reformed  in  unit  of  time,  we 
have  got  the  stable  composition  of  the  gaseous  mixture. 
l>y  varying  the  temperature,  we  either  accelerate  or 
retard  this  rate,  and  so  the  composition  of  the  mixed 
gases  varies. 

It  is  much  easier  to  follow  the  effects  of  temperature 
on  the  dissociation  of  a substance  Avhich,  by  its  breaking 
up,  gives  rise  to  only  one  volatile  component,  and  one  of 
the  simplest  is  the  dissociation  of  calcium  carbonate  into 
calcium  oxide  (lime)  and  carbon  dioxide.  Here  we  may 
tietermine  the  pressure  exerted  by  the  gas  evolved,  and 
we  find  that  for  every  definite  temperature  there  is  a 
perfectly  definite  pressure  of  gas,  corresponding  in  ex- 
actly the  same  way  that  we  have  the  vapour  tension 
from  a fluid  depending  on  its  temperature.  This  is 
often  called  the  “ tension  of  dissociation.”  To  study 
the  dissociation  of  calcium  carbonate  we  may  use  a hard 
glass  tube,  or  better  one  of  porcelain,  closed  at  one  end, 
and  connected  with  a manometer  aird  a mercurial  air- 
pump.  In  the  tube  is  placed  carefully  dried  calcium  car- 
bonate, and  the  apparatus  completely  exhausted.  Heat 
the  calcium  carbonate  first  to  the  boiling-point  of  mer- 
cury. This  causes  no  visible  movement  of  the  mercury 
in  the  manometer,  nor  does  the  temperature  of  boiling 
sulphur  produce  any  measurable  tension,  although  it  is 
suflicient  to  dim  the  surface  of  bright  crystals  of  Iceland 
spar.  At  the  boiling-})oint  of  cadmium  the  tension  is 
85  mm.,  and  the  boiling-point  of  zinc  gives  520  mm. 
If  we  were  now  to  remove  the  atmosphere  of  carbon 
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dioxide  from  the  tube,  and  again  allow  the  apparatus  to 
remain  untouehed,  the  gas  would,  after  a time,  attain 
the  same  tension  of  520  nun.  ; and  this  may  be  repeated 
as  long  as  we  have  carbon  dioxide  present  sufficient  to 
till  the  tube  to  this  tension.  The  amount  of  free  lime 
present  has  no  effect,  nor  has  the  excess  of  calcium  car- 
bonate. If,  then,  we  have  reinoved  all  the  carbon 
dioxide,  and  have  nothing  but  pure  lime  in  our  tube, 
and  pass  into  the  apparatus  pure  carbon  dioxide  till  we 
have  it  filled  at  the  atmospheric  pressure,  the  lime  and 
the  gas  will  combine  till  we  have  the  same  tension 
indicated  as  before  ; and  this  addition  of  carbon  dioxide 
can  be  repeated,  just  as  its  removal,  till,  in  this  case, 
there  is  no  more  free  lime  to  combine  with  the  last 
charge  of  the  gas. 

AVe  have  here  clearly  the  two  processes  going  on  at 
the  same  time — calcium  carbonate  breaking  i;p  into  its 
constituents,  and  these  two  constituents  reuniting  to 
form  the  compound  again.  AA^hen  these  two  processes 
are  going  on  at  the  same  rate  we  have  the  tension  of  the 
gas  constant ; but  if  Ave  alloAV  the  temperature  to  rise  to 
a definite  point,  avc  have  more  decomposition  than  re- 
combination, and  the  tension  increases  until  it  again 
becomes  stationary  and  records  its  value  corresponding 
to  the  new  temperature.  If  the  temperature  be  loAvered 
and  kept  stationary  for  some  time,  Ave  have  the  com- 
bination more  rapid  than  the  breaking  up,  and  a 
correspondingly  smaller  tension  is  noAv  recorded. 

This  is  exactly  parallel  to  Avhat  happens  Avhen  a 
li(]^uid  is  heated  and  cooled  in  presence  of  its  vapour. 
XoAA^,  it  is  Avell  knoAvn  that  not  only  can  a liquid  be 
much  more  rapidly  evaporated  in  a current  of  an  inert 
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gas  but  also  at  a niucli  lower  tcunperature.  This  is  also 
what  happens  in  such  a case  as  we  have  been  considering. 
Gay  Lussac  remarked  that  calcium  carbonate  decomposed 
much  more  easily  in  an  open  vessel  than  in  one  closed 
so  that  the  carbon  dioxide  could  not  be  displaced  by  the 
external  air.  He  shoAved  also  that  Avhen  he  decom- 
l>osed  it  in  a porcelain  tube,  and  alloAved  the  tempera- 
ture to  fall,  so  that  carbon  dioxide  Avas  no  longer 
expelled  at  the  atmospheric  pressure,  on  subjecting  it 
to  the  action  of  a current  of  steam,  gas  came  olf  Avith 
great  ease.  What  happened  Avas  obviously  that  the 
decomposition  and  recombination,  Avhich  Avere  equal  in 
amount  until  the  passing  of  the  steam,  Avere  made  very 
nnequal  l>y  the  removal  of  the  gas  from  the  field  of 
action  preventing  recombination,  Avhile  the  decomposi- 
tion Avent  on  as  before.  Everyone  knoAA's  that,  to  pre- 
pare lime  from  limestone  or  marble,  it  is  done  in  a 
current  of  air  or  other  inert  gases ; on  the  small  scale  in 
the  laboratory,  by  placing  the  marble  in  a crucible  Avith 
the  bottom  perforated  so  as  to  alloAv  a current  of  air  to 
pass  through  it,  the  use  of  the  crucible  being  merely  to 
prevent  contamination  from  contact  Avith  the  ashes  of 
the  fuel,  &c. ; on  the  largo  scale,  the  limestone  and 
fuel  are  mixed  or  put  in  alternate  layers  in  a kiln,  and 
the  stone  dissociates  in  the  current  of  nitrogen  and 
oxides  of  carbon,  and  the  quicklime  is  removed  at  the 
bottom  of  the  kiln. 

The  clfect  of  a current  of  air  in  decomposing  the 
carbonate  is  Avell  seen  by  taking  tAvo  tubes  and  placing 
in  each  some  clear  crystals  of  Iceland  spar,  then  placing 
the  tubes  side  by  side  in  a furnace  and  raising  the  tem- 
perature, so  that  the  tension  of  the  carbon  dioxide  is 
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well  under  that  of  the  atmosphere.  Pass  through  the 
tubes  a current  of  air  and  of  carbon  dioxide  respectively, 
Avhen  we  will  find  that  after  some  time  the  crystals  in 
the  air  current  are  quite  opaque  and  those  in  the  other 
retain  their  brilliancy. 

Another  very  interesting  substance  is  barium  dioxide, 
the  dissociation  of  which  is  employed  on  the  large 
scale  for  the  manufacture  of  pure  oxygen  from  the 
atmosphere.  The  average  atmospheric  pre.ssure  being 
760  mm.,  gives  for  the  two  gases  in  pure  air  the  folloAV- 
ing  tensions: — For  nitrogen,  603  mm.,  and  for  oxygen, 
157  mm.  If  we  heat  barium  munoxide  in  dry  air  to 
such  a temperature  that  the  tension  of  the  oxygen  from 
the  dioxide  is  less  than  157  mm.,  we  ought  to  have  the 
dioxide  formed,  and  this  ought  to  go  on  if  fresh  air  be 
supplied  until  the  Avhole  of  the  monoxide  is  converted 
into  dioxide.  To  dissociate  this,  all  that  is  required 
is  to  raise  the  temperature  sufficiently  to  evolve  the 
oxygen  at  the  atmospheric  pressure,  that  is,  until  the 
tension  of  dissociation  exceeds  760  mm. 

The  experiments  Avith  calcium  carbonate  suggest  an- 
other mode  of  obtaining  the  oxygen  Avithout  varying  the 
temperature,  and  that  is  to  remove  the  atmosphere  of 
oxygen  by  means  of  an  air-pump.  The  dioxide  Avill 
continue  to  give  off  oxygen  as  long  as  its  tension  is 
kept  beloAv  the  maximum  corresponding  to  its  tempera- 
ture. This  is  noAv  carried  out  on  a large  scale,  and  has 
superseded  the  older  form  of  the  process  Avhen  the  oxide 
Avas  heated  to  a Ioav  red  heat  in  a current  of  air,  and 
then  the  temperature  raised.  The  alternate  cooling 
and  heating  of  the  vessels  rapidly  destroyed  them,  and 
the  subjecting  of  the  oxide  to  a very  high  temperature 
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tended  partially  to  vitrify  it  and  render  it  incapable  of 
combining  with  oxygen  at  the  lower  temperature. 

A very  important  problem  was  to  determine  hoAv 
limestone  became  marble.  The  crystalline  appearance 
of  marble  indicates  that  it  has  undergone  fusion,  but  we 
have  seen  above  that  on  moderate  heating  it  becomes 
lime  without  exhibiting  any  traces  of  fusion.  Sir  James 
Hall  showed,  however,  that  if  the  carbon  dioxide  be 
prevented  from  escaping,  the  limestone  may  be  fused, 
but  only  under  great  pressure ; and  this  may  be  seen 
in  nature,  in  Teesdale,  for  example,  where  the  whin- 
stone  has  apparently  been  run  on  the  limestone  at  great 
depths,  and  the  carbon  dioxide  having  been  unable  to 
escape,  the  limestone  has  not  been  perceptibly  decom- 
posed, but  became  metamorphosed  into  marble  liy  the 
high  temperature  due  to  its  contact  with  the  melted 
whinstone. 

If  compounds  have  a delinite  tension  of  dissociation, 
we  may  use  this  property  as  a test  for  the  existence  of 
compounds  and  distinguish  them  from  mixtures.  Before 
examining  doubtful  cases,  the  studj^  of  some  conii)Ounds 
which  ammonia  forms  with  metallic  chlorides  will  show 
clearly  how  we  may  apply  our  test. 

Two  compounds  of  silver  chloride  are  known,  one 
with  twice  as  much  ammonia  as  the  other,  and  having 
the  formulae  AgC1.3Xll3  and  *2AgC1.3Nl[3.  The  ten- 
sions of  the  ammonia  from  these  are  : — 


AgCl-SNIfs  [ 

AgCl.SNIT., 

T. 

Millim. 

T. 

Millim. 

0 

0-0 

293 

34°2 

1713 

10 -tj 

50.5 

48-5 

2414 

1 7 •;') 

G55 

51  "5 

4132 

24-0 

937 

54-0 

4641 

28-0 

1355  1 

57-0 

4880 
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2AgC1.3NH, 

i 2AgC1.3NIl3 

'J'. 

Millini. 

T. 

Milliin. 

20°0 

93 

77°5 

1198 

31-0 

125 

83-5 

1593 

470 

208 

86-1 

1813 

58'.') 

528 

88-5 

2013 

69-0 

786 

103-0 

4800 

71  '5 

946 

If  w’Q  begin  "with  the  first  compound  and  remove 
ammonia  by  stages  from  it,  keeping  it  at  one  definite 
temperature,  we  will  find  that  after  each  removal  of 
ammonia  it  will  recover  its  full  tension  till  a point  is 
reached  when  its  tension  Avill  no  longer  be  nearly  as 
much  as  before  ; l)iit  that,  if  Ave  still  continue  to  remove 
ammonia,  this  new  tension  Avill  bo  constant  for  a con- 
siderable range  as  for  the  former  compound,  but  Ave 
have  no  intermediate  tensions.  It  is  either  that  for  the 
one  or  for  the  other  compound. 

Let  us  see  hoAv  this  may  be  ap})lied  to  the  study  of 
the  eondition  of  hydrogen  in  palladium.  The  tem- 
perature at  Avhich  the  tensions  Avere  measured  Avas 


about  100°  C. 

Fused  Palladium.  i 

' Si)Oiigy  Palladium. 

A'ol.  of  llvdrogen. 

Ten."ii)ii.  1 

A'ol.  of  Hydrogen. 

Tension, 

809 

1482 

775 

715 

743 

909 

743 

493 

700 

598 

718 

361 

672 

454 

684 

247 

642 

353 

60S 

227 

509 

238 

590 

225 

456 

225 

300 

224 

4-20 

230 

Here  OA’idently,  to  commence  Avith,  Ave  have  hydrogen 
in  excess  of  Avhat  is  recpiired  for  the  compound,  and  as 
Ave  remove  it  the  tension  falls  till  it  becomes  constant 
at  about  600  volumes  of  hydrogen  in  1 of  palladium, 
and  remains  so  till  most  of  the  hydrogen  is  removed. 
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Tins  agrees  with  the  formula  1\1„1I  (not  Pdllo,  as  usually 
given),  fur 

600  c.c.  of  hydrogen  weigli  about  00’o376  grams. 

1 c.c.  of  palladium  ,,  11 ‘4  ,, 

•05376  : : 11-4  : : 1 : 21-2  : : H ; Pdo 

It  is  well  known  that  carhon  ahsorhs  very  largo 
quantities  of  various  gases,  and  retains  them  to  a con- 
siderable extent  even  in  vacuo.  Does  carbon  combine 
witli  ammonia  gas,  for  example,  in  the  same  way  that 
jialladium  combines  Avith  hydrogen  ? The  following 
series  of  tensions  show  no  evidence  of  any  definite 
tension  corresponding  to  any  compound,  ljut,  on  the 
contrary,  the  temperature  remaining  the  same,  the  ten- 
sion varies  according  to  the  volume  of  id^sorbed  gas 
more  or  less  directly.  The  carbon  was  heated  for  some 
time  m vacuo,  and  the  gases  it  contained  extracted  by 
means  of  an  air-pump,  and  after  cooling  it  was  saturated 
Avith  pure  dry  ammonia,  Avhich  it  absorbed  Avith  evolu- 
tion of  considerable  heat.  The  charcoal  Avas  iioav 
enclosed  in  a tube  connected  Avith  a manometer  and 
air-pum]i,  and  the  gas  remoA'cd  in  small  quantities. 

An  experiment  at  19°  C.  gave  these  tensions  (in 
millimetres)— 


226 

144 

104 

205 

138 

98 

188 

131 

94 

174 

1-23 

91 

164 

116 

88 

154 

110 

One  at  100°  C.  gave — 

358  118 

‘27-2  104 

214  89 

191  71 

141  61 
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Applying  the  same  method  to  a solution  of  ammonia 
gas  in  water  in  order  to  obtain,  if  possible,  e\ddenco 
of  the  compound  NH^OII,  corresponding  to  the  well- 


known  N(C.,Il5)40H, 

and  analogous  to 

KOI! 

got  the  following  results  : — 

Uebveeii  21° -5 
and  22° -.i. 
Minim. 

At  4S° 
Millini. 

At  100° 
Jllllim. 

636 

'514 

1764 

510 

502 

1478 

490 

CO 

1248 

474 

472 

1009 

460 

465 

423 

453 

398 

373 


AVe  see  clearly  that  this  is  of  the  same  nature  as  the 
carbon  and  ammonia — no  fixed  tension  for  a fixed  tem- 
perature— and  conclude  that  our  substance  has  not  that 
fixity  of  composition  which  is  an  essential  of  a true 
compound. 

If  we  dissolve  many  salts  in  water,  we  can  easily 
obtain  evidence  of  their  dissociation  if  one  of  the  pro- 
ducts should  be  a gas.  For  example,  if  well-crystallised 
potassium  bicarbonate  be  dissolved  in  water,  and  a current 
of  an  inert  gas,  such  as  nitrogen,  be  jiassed  through  the 
solution,  we  get  it  to  remove  carbon  dioxide,  and  leave 
a solution  of  the  carbonate — 


2KHC03  = K.COs-f  H2O  H-  COo 

In  the  same  way  sodium  hydrogen  sulphide  breaks 
up,  and  hydrosulphuric  acid  is  readily  removed  by  a 
current  of  hydrogen,  which  is  the  best  gas  to  use  for 
this — 


2NaHS  = Na,S  + HjS 
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In  a similar  way  we  liave  many  salts  decomposed  by 
water  and  precipitates  produced.  Perhaps  the  best 
known  are  the  normal  salts  of  bismuth,  which  readily 
break  np  into  a basic  .salt  and  free  acid.  The  larger  the 
quantity  of  water  the  more  salt  must  l)e  decomposed  to 
give  the  necessary  number  of  molecules  of  acid  per 
molecule  of  salt  to  keep  it  stable,  or  at  least  in  solution. 
We  have  here,  then,  a corresponding  ])henomenon  to 
that  presented  by  phosphorus  pentachloride  in  the  state 
of  vapour. 

If  water  be  poured  on  the  crystals  of  the  normal 
I)ismuth  nitrate,  Bi(K03)3  ^ crystalline 

white  powder  formed  and  nitric  acid  set  free, 

Ri(N03)3  + HoO  = BiOXO^  + 2HXO3  . 

When  we  have  about  82  grams  of  free  nitric  acid 
per  litre  there  is  no  further  decomposition,  and  the 
normal  nitrate  dissolves,  and  according  as  we  add 
nitric  acid  or  water  we  get  either  basic  nitrate  recon- 
verted or  normal  nitrate  decomposed,  so  as  to  main- 
tain the  liquid  at  the  proper  strength  in  nitric  acid. 
The  composition  of  the  basic  nitrate  is  Bi0X03-l-H20  or 
Bi203.N205-f  2II0O,  and  if  this  be  washed  with  much 
cold  water  it  further  breaks  up  into  2Bi203,N205  and 
free  nitric  acid.  Warm  water  does  the  same,  and 
seems  to  decompose  the  Bi0X03  when  the  liquid  at 
100°  C.  contains  about  4 grams  per  litre  of  nitric  acid, 
and  if  the  crystalline  subnitrate  be  boiled  with  water 
containing  that  amount  of  nitric  acid  it  remains  bright 
and  sparkling,  but  if  there  be  less  than  4 grams  per 
litre  the  liquid  immediately  becomes  turbid,  and  passes 
so  through  a filter,  while  the  crystals  lose  their  bright- 
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ness  ; but,  as  in  the  other  case,  if  nitric  acid  be  added  to 
tliis  opalescent  liquid,  Ave  again  get  the  crystalline 
powder  reformed. 

In  the  same  Avay,  but  more  completely,  is  the  chloride 
decomposed  by  Avater.  Antimony  trichloride,  mercuric 
sulphate,  and  many  other  salts,  behaAm  similarly. 

That  ammonium  salts  dissociate  in  solution  is  easily 
shown  by  Tioiling  a neutral  solution  of  the  chloride  or 
sulphate.  The  ammonia  is  remoAmd  by  the  current  of 
steam,  and  the  much  less  A'olatile  acid  remains  behind, 
and  is  easily  detected.  If  ammonium  chloride  be  boiled 
Avith  calcium  carbonate,  aa’c  get  calcium  chloride  in 
solution  and  ammonium  carbonate  A’’olatilised  in  the 
form  of  its  constituent  gases — 

3NH4CI  + CaCOj  = CaClo  + 2NH3  + H.O  + CO,. 

(NH,).,C03 

for  as  soon  as  any  ammonium  chloride  is  dissociated 
and  the  ammonia  remoAmd,  the  hydrochloric  acid 
attacks  the  calcium  carbonate  and  becomes  neutralised, 
a further  cpiantity  of  ammonia  is  then  expelled,  and 
more  of  the  carbonate  dissohmd  till  the  reaction  is  com- 
jAlete.  If  this  reaction  be  carried  out  in  a flask  AA’ith  a 
condenser,  and  the  distillate  be  added  to  the  residue  in 
the  flask  AAdien  cold,  the  A\diole  system  AA'ill  return  to  its 
original  condition,  A'iz.,  solution  of  ammonium  chloride 
and  a precipitate  of  calcium  carbonate. 

The  bicarbonates  of  the  alkali  metals  are  decomposed 
in  a similar  manner ; on  boiling  their  solutions  A\’e 
have  the  carbon  dioxide  coming  off  Avith  the  steam, 
and  the  normal  carbonate  remains  in  solution.  Use  is 
made  of  this  decomposition  in  the  titration  of  the  alkalis 
Avhen  litmus  is  used  as  the  indicator. 
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ClFAPTEli  Vin. 

PHYSICAL  PROPERTIES  OF  COMPOUNDS. 

In  Chapter  I.  we  have  seen  tlie  relation  existing  be- 
tween the  density  of  a gas  or  vapour  and  the  relative 
weight  of  its  molecules.  "We  use  the  term  specific 
gravity  to  express  the  density  of  substances  relati^'elJ" 
to  a standard  substance — Avater  for  solids  and  liquid.^!, 
and  air  and  hydrogen  for  gases  and  vapours.  .Since 
volume  is  mass  divided  by  density,  we  use  also  the  term 
specific  volume  to  express  the  volume  of  equal  masses  of 
the  substances,  and  if  we  multiply  this  by  the  molecular 
Aveights  Avc  get  Avhat  is  knoAvn  as  the  molecular  volume 
of  the  substance ; and  for  solids  and  liquids  this  is  the 
number  of  cubic  centimetres  occupied  by  the  molecular 
Aveight  in  grams  of  the  substance.  The  molecular  volume 
of  all  gases  is  the  same,  and  is  2 if  Ave  take  hydrogen  as 
our  standard  and  28‘94  if  air,  as 

0.x3’gen,  molecular  weight  = 32 -i-  16  (1I  = 1)  = 2 
or 

or 

Chlorine, 

> > 

AVith  regard  to  liquids  and  solids,  both  elementary 
and  compound,  several  very  important  and  interesting 


32 -L 1-1056  (air  = l)  = 28-94 

71-^35-5  =2 
71-1-  2-16  = 28-94 
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relationships  have  been  shown  to  exist  between  the 
specific  and  molecular  volumes  and  their  chemical  pro- 
perties and  constitution.  As  the  rate  at  which  liquids 
and  solids  expand  depends  on  the  individual  substance, 
and  is  unlike  the  rate  of  gaseous  expansion,  we  must 
carefully  specify  the  temperatures  at  Avhich  the  specific 
volumes  are  taken,  and  also  endeavour  to  select  such 
temperatures  as  may  enable  us  to  compare  the  sub- 
stances when  in  similar  thermal  conditions.  With 
regard  to  liquids,  which  we  shall  consider  first,  it  was 
soon  found  that  one  temperature,  say  0°  C.,  was  not  a 
suitable  one,  and  the  temperatures  usually  selected  arc 
those  at  which  the  liquids  have  the  same  vapour  tension, 
and  hence  we  take  as  the  simplest  that  of  their  boiling- 
points  under  760  mm.  pressure.  Kopp,  in  1842,  in 
trying  to  trace  connections  between  the  constitution 
and  the  physical  properties  of  organic  bodies  chiefly, 
found  that  not  only  did  the  boiling-points  rise  regularly 
with  a definite  increase  in  the  composition  of  the  mole- 
cule, but  that  the  molecular  volume  was  augmented  in 
a similar  manner.  To  take  one  or  two  examples — 


, Mol.  Wt  Diff. 

Din. 

V 01. 

Boiling-  ,,5,- 
Point. 

Formic  acid,  II — CO. OH, 

Acetic  acid,  CII3 — CO, OH, 

Propionic  acid,  C3H3-— CO.OH, 
Butyric  acid,  C3II7 — CO. OH, 
Valerianic  acid,  C4H3 — CO.  OH, 

46. 

>CH.,  = 14 
60< 

>CH.,  = 14 

74/ 

>CH.,-14 

88< 

>CH3  = 14 

102/ 

42. 
>22 
64  / 
)22 
86  < 
>22 
108  < 
>22 
130  / 

99“  . 

>19“ 
118“  < 

>22“ -7 
140“-7< 

>22“ -3 
163“  < 

>21“ -5 
184“-5/ 

From  this  we  see  that  an  increase  in  the  molecule  of  an 

U 
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aiulu  of  carbon  and  t^vo  atoms  of  liydrogen  produces  an 
increase  of  22  in  the  molecular  volume,'  or  that  the 
molecular  volume  of  (CH.2)  = 22. 

The  molecular  volumes  of  metanieric  bodies  are  the 

(j\xJ^  % M tA.  jf  * ^ cr>x  w'  — 

Molecular  volume 
(experimental). 

]\I ethyl  valerate, . \ r 148’7-149'6 

Ethyl  butyrate,  . I n u I 149’1-149‘4 

B„tyl  acrtbe.  . ’ ' 1 H9  3 

Amyl  I'onuate,  . > v 149 '4-1 50 ‘6 


The  suhstitution  of  an  atom  of  carhon  for  two  atoms  of 
hijdrogen  does  not  change  the  molecidar  volume  of  com- 
pou7ids  of  the  same  chemical  Uji^e^  as 


A^aleralJehyile,  CjHjoOi 
Benzoic  aldeliyde,  C^HgO, 

and 

Ethyl  valerate,  C7HJ4O0, 
Ethyl  benzoate,  C,,HjqOo, 


Observed. 

117- 3 

118- 4 

173 -5-1 73 -6 
172-4-174-8 


Hence,  as  a difference  of  (Cllg)  in  the  composition 
produces  a dilferencc  of  22  in  the  molecular  volume — 
and  ive  have  just  seen  that  the  replacement  of  one  atom 
of  carbon  by  tivo  atoms  of  hydrogen  causes  no  change — 
v’c  say  that  the  change  produced  by  (C)  is  equal  to  that 

22 

produced  by  (n.2),  and  that  each  is  equal  to  — = 11  ; 

and  hence  (11)  = 5-5  and  (C)  = 11. 

In  liquid  comjminds  of  the  same  chemical  type,  the 
■repdacement  of  two  atoms  of  hydrogen  ly  an  atom  of 
oxygen  qmoduces  very  little  alteration  in  the  molecular 
volume.  This  is  readily  seen  by  comparing  alcohols  Avith 
tlie  acids  produced  from  them  l»y  oxidation,  as 
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Ethyl  alcohol,  CoHgO,  . 
Acetic  acid,  C._;n40o,  . 

Ethyl  ether,  C^HjqO,  . 
Ethyl  acetate,  C4H8O0,  . 
Acetic  anhydride,  C4llg03, 


Molecular  volume 
(experimental). 

61  8-  62-5 
63-5-  63-8 
105 -6-106 -4 
107 -4-107 -8 
109-9-110-1 


In  every  case,  however,  we  liave  a slight  increase 
resulting  from  the  substitution,  and  may  conclude  that 
the  atomic  volume  of  oxygen  exceeds  twice  that  of 
hydrogen  Ity  a definite,  although  small,  quantity.  But 
if  we  take  two  metameric  bodies  of  different  constitution, 
especially  as  regards  the  oxygen,  such  as  acetone  and 
allyl  alcohol,  one  a ketone,  the  other  an  alcohol,  both 
having  the  same  empirical  formula,  CglljjO,  we  find  the 
former  has  a much  higher  molecular  volume,  78,  whilst 
the  other  is  7L.  The  molecular  volume  of  water  is  18-8, 
and  if  we  subtract  1 1 from  it  for  the  two  hydrogen  atoms, 
we  get  oidy  7 ’8  for  an  atom  of  oxygen  united  to  two 
(liferent  atoms  ; yet  when  we  oxidised  alcohol,  the  value 
seemed  to  exceed  11.  From  the  consideration  of  many 
substances,  Kopp  fixed  the  value  for  oxygen,  when 
united  to  one  carbon  atom  alone,  as  12-2. 

In  acetone  we  have  two  methyl  groups  united  to 
(C=0)  thus — 

CII3 

I 

C=-0 

CII3 


Its  atomic  volume  ought  to  be 

30  = 3x11  =33 
6H  = 6x  5-5  = 33 
=0  = 1 X 12-2  = 12-2 
78-2 

The  observed  value  is  77'6. 
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Etliyl  alcohol 


20  = 22 
6H  =33 
—0— = 7-8 


I 

0— II 


62 '8  Observed  value  = 62‘2 


Acetic  acid — 
CH, 


20  =22 
4H  =22 
=-0  =12-2 
_0— = 7-8 


O-r^O 


O— II 


64 ’0  Observed  value  = 63  7 


111  the  same  M'ay  it  has  been  found  that  suljdiur  has 
two  values,  28 ‘G  when  it  is  united  to  only  one  atom, 
and  23'0  when  united  to  two  atoms. 

Chlorine,  bromine,  and  iodine  have  each  only  one 
value,  and  these  values  are  respectively 

01  = 22-8  Hr  = 27 -8  I = 37 '5 

For  nitrogen  three  values  are  often  given,  viz.,  2*3  in 
amines,  17  in  cyanogen  compounds,  and  17  A in  nitro- 
compounds, but  these  are  somewhat  unsatisfactory. 

It  Avas  stated  aboA'e  that  metameric  bodies  had  the 
same  molecular  volume.  This  is  not  strictly  true  in  all 
cases,  even  Avlieii  they  arc  of  similar  constitution.  ^Ve 
have  seen  hoAv  the  molecular  volumes  of  acetone  and 
allyl  alcohol  diller,  since  the  atomic  volume  of  oxygen 
is  in  the  former  12-2,  and  only  7 ‘8  in  the  latter.  If, 
hoAvever,  avc  compare  the  tAvo  dichlorcthanes  Ave  have 
the  molecular  volume  85 '34  for 


CII..C1 


Etliyleuc  chloride,  | 


CHjCl 
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but  88'9G  for  that  of 


Ktli3'Udene  cliloriile, 


C![, 

I 

CIIClo 


Again,  for  aniliup,  CiJI^.XlI.,,  tlie  molecular  volume 
is  lOG-37. 

XH.> 


C 


ir-c^  ^C-U 


0 


n 


hut  for  picolinc,  C-lI^X.CHg,  it  is  lll'oO. 


CH.J 

1 

1 

ir  -c 

0 

II-C 

V/ 

N 

C— n 
C— H 


The  difference  in  many  instances  between  the  oh- 
.scrvcd  and  the  calcidated  values  is  too  great  to  he  put 
down  to  experimental  errors,  and  is  very  often  associated 


with  unsaturated  bodies,  and 
compounds,  as 

especially  the 

>[olccul.Tr  vohnne. 

aromatic 

Cnlculatcil.  Oliscrved. 

Diffei-cncc. 

Benzene,  C^Hg, 

99  95-8 

3-2 

Cyinene,  CioHj^,  . 

187  183-5 

3-5 

Benzoic  aldehyde,  CgHj.CHO, 

122-2  118-4 

3-8 

Benzyl  alcohol,  CgHj.CH^OH, 

128-8  123-7 

5-1 
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It  has  heon  suggested,  that  instead  of  the  elements 
tliemselves  liaving  atomic  volumes,  we  miglit  have 
several  groups  of  atoms,  each  having  the  same  specific 
volume  ; and,  in  many  cases,  the  values  got  in  this  way 
agree  with  the  oliserved  values  almost  as  well  as  those 
calculated  hy  the  other  hypothesis.  If  we  take  O2  (in 
carboxyl),  CII2,  CO  as  all  having  the  same 

volume,  20'8,  we  get  for 

Calculated.  Kxpevhiicnt. 

Formic  acid,  . CH^Oo  2x20‘8  =41 '6  41 '8 

Acetic  acid,  . 2(CIL,)0.^  3x20'8  =62'4  63'4 

Ethyl  Alcohol,  2(CIIo)ILO  3x20’8  =62'4  62"2 


Schroder  gives  the  series  of  alcohols  and  acids — 

Molecular  volume. 

Methyl  alcohol,  CII4O  =CH„. +H.,0  42'3  =2x21 -2 

Ethyl  alcohol,  . C,,H,;0  =2(CHn)  + ILO  62"2  =3x207 

Propyl  alcohol, . C-dlsO  =3(CH2)  + IIi,0  81 ’f)  =4x20‘4 

Butyl  alcohol,  . CjlIjfiO  = 4(0110)  + H„0  102’3  =5x20'.^) 

Amyl  alcohol,  . CJIioO  =r)(CIL)  + ILO  122-8  =6x20-f) 


Formic  acid. 

CII.,Oo  =CIIo  + Oo 

41-8 

Acetic  acid. 

CJI4O.,  =2Cll2  + 6., 

63-4 

Pro])ioiiic  acid,  . 

C;d  I«0„  =3CH.,  + 0„ 

85-9 

Butyric  acid. 

eVPOo  =4CH2  + 0., 

108-0 

Valerianic  acid. 

C,Hio6..  = 5CHo  + 0.. 

130-4 

= 2x20-9 
= 3x21-1 
= 4 x21-r. 
= 5x21  -0 
= 6x21-7 


We  need  liardly  pursue  this  subject  any  further  at 
in-escnt,  as  it  is  very  evident  that  we  must  have  many 
more  observations  of  specific  volumes  carried  out  on 
series  of  substances  produced  by  repeated  substitution 
as  well  as  by  continuous  abstraction  of  elements. 

The  problems  which  have  been  attacked  liy  the  aid 
of  our  knowledge  of  specific  volumes  arc  such  as  the 
constitution  of  bodies  like  POClg,  whether  it  ought  to  be 
represented  as  0 = P=Cl3  or  CP^P — 0 — Cl,  that  is, 
whether  phosphorus  is  a pentad  or  triad  in  phosphorus 
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oxychloride,  and  it  is  a case  which  well  illustrates  the 
difficulty  of  obtaining  definite  information.  The  atomic 
volume  of  phosphorus,  as  determined  from  the  element, 
is  20’9  (Ramsay  and  Tifasson),  20‘2  (Pisati  and  Do 
FrancliLs). 

The  molecular  volume  of  phosphorus  oxychloride, 
POCI3,  is  10P3,  that  of  the  trichloride  is  93'4 ; 
10D3-93-4  gives  7'9  for  the  oxygen. 

Hence  we  may  conclude  that  the  oxygen  is  united 
to  different  atoms  in  this  case,  one  of  phosphorus  ami 
one  of  chlorine,  and  that  the  constitution  may  he  ex- 
pressed hy 


Cl— P—O-Cl 
Cl 


mill  not 


Cl 

I 

Cl— P = 0 
Cl 


for  this  would  have  required  0 = 12’2.  In  the  same 
way  we  have  the  molecular  volume  of  thiophosphoryl 
chloride,  PSC1.^  = 116T,  and  of  the  trichloride,  as 
before,  93'4  ; 1 16T-93'4  = 22‘7  for  the,  atomic  volume 
of  sulphur  in  this  compound,  and  its  constitution 


Cl— P— S-Cl 
Cl 


and  not 


Cl 

I 

C1-P  = .S 

i 

Cl 


which  would  require  S — 28'6. 

Ramsay,  however,  points  out  that  if  in  the  molecular 
volume  of  the  oxychloride,  we  consider  the  oxygen  as 
doubly  united  to  the  phosphorus,  we  obtain  for  phos- 
phorus the  same  value  as  he  had  found  directly  from 
the  element — 
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iMolecular  volume  of  POCI3, 

101-4 

0 = 12-2 + (3C1.  =3  x 22-7  = 68-1) 

80-3 

Atomic  volume  of  i)lios])liorus, 

21-1 

Similarly  from  the  thiophosiilioryl  chloride 

we  get  the 

atomic  volume  of  idiosphorus, 

19-9 

Aud  from  the  chloro-hromide,  POCl.^lh-, 

21-7 

Giving  as  a mean, 

20-9 

In  pentad  compound.s,  and  in  the  free  state,  we 

have  20-9 

In  the  triad  compounds  we  have  PCI3, 

93-4 

„ „ 3C1, 

68-1 

Atomic  volume  of  phosphorus, 

2.V3 

As  phosphorus  is  a mcinher  of  the  same  chemical 
family  as  nitrogen,  it  is  almost  certain  to  have,  like  it, 
more  than  one  value  for  its  atomic  volume. 

The  atomic  volume  of  sul})hur,  determined  l)v  Ramsay 
from  the  element,  gave  2TG  as  a mean,  vliicli  is  almost 
that  of  sulphur  united  to  two  difierent  atoms. 

Our  knowledge  of  the  connection  between  the  volume 
of  solids  and  their  chemical  composition  or  constitution 
is  at  present  very  limited.  AVe  have,  however,  already 
seen  (Table  and  curve,  p.  70)  how  the  atomic  volume 
varies  with  atomic  weight.  AVith  regard  to  solid 
compounds  certain  relations  have  been  observed,  the 
most  general  being  that  the  molecular  volumes  of  iso- 
morphous  compounds  arc  equal — 

Molecular  Specific 
weight.  gravity. 

. SrCOa  I-*'’-!  3-g' 

. PbCOg  267  6-5 


Strontianite,  . 
Ccrussite, 


= 41 
= 41 
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Molecular 

Specific 

Molecular 

■vveiglit. 

gravity. 

volume. 

Vitriols — 

Magnesium  sulphate,  MgSO^.JILO 

246 

1-68 

146 

Zinc  sulpliate,  . ZnS04.7IIoO 

287 

2-015 

142 

Nickel  sulphate,  . NiSO^.THoO 

281 

1-98 

142 

Cobalt  sulphate,  . CoS04.7IT^O 

281 

1-924 

146 

Ferrous  sulphate,  . FeS04.7IL0 

278 

1-884 

147 

Alums — 

Potassium  alum,  KAl(S04).,.12Ho0 

474 

1-72 

275 

Sodium  alum,  . NaAl(S04b.  12HoO  458 

1-6 

286 

Ammonium  alum,  NH4Al(S04)2.12Hj0  453 

1 -6-24 

279 

Chromium  alum,  KCr(S04)-2.12n20 

499 

1-84 

271 

Chlorides — 

Potassium  chloride,  . KCl 

74-5 

1-98 

37-4 

Sodium  chloride,  . . NaCl 

58-5 

2-15 

27-2 

Strontium  chloride,  . SrCb 

158-5 

3-05 

50-3 

barium  chloride,  . . bad., 

208 

3-85 

54 

Silver  chloride,  . . AgCl 

143-5 

5-55 

25-8 

Mercuric  chloride,  . . HgCL 

271 

5-42 

50 

Lead  chloride,  . . PbCU 

278 

5-8 

48 

Cuprous  chloride,  . . Cu^CL 

198 

3-53 

56-1 

Cupric  chloride,  . . CuCL 

134-5 

3-05 

44-1 

Jlromides — 

Potassium  bromide,  . Kbr 

119 

2-69 

44-2 

Sodium  bromide,  . . Nabr 

103 

3-014 

34-1 

Strontium  bromide,  . Srbi’,, 

247-5 

3-962 

62 

Pjarium  bromide,  . . babi'o 

297 

4-23 

70 

Silver  bromide,  . . Agbr 

188 

6-35 

29-6 

The  above  exanijiles  give  an  idea  of  tlie  approximation 
to  tlie  law  above  stated,  exhibited  by  different  classes  of 
bodies. 

Idayfair  and  Jonle  pointed  out  that  the  volumes  of 
many  hydrated  salts  are  exactly  the  same  as  that  of  the 
water  they  contain,  if  it  were  in  the  solid  form  (as  ice). 
The  particles  of  the  salt  then  seem  to  be  intercalated 
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amongst  the  pores  of  the  ice,  so  as  to  increase  the  den- 
sity, hut  witliout  increasing  the  volume. 


Mol. 

AVt. 

A'olume. 

Specific  Gravity 

SniUum  car-) 
l)oiiate,  )' 

Na^CO.j-flOir.O,  . 

286 

Expt. 

197-2 

Theor. 

196 

Expt, 

1-454 

Theor. 

1-463 

Di.sodiiun  A 
hydrogen 
nrthoplios-  1 
phate,  ) 

XaUIP04-f  1211^0, 

235-.7 

235-2 

1-525 

1-527 

Trlsodium  A 
ortlioplios-t 
phate,  ) 

Na;iP04-fl2iro0,  . 

380 

235-2 

235-2 

1 -622 

1-6-22 

Cane-sngar, 

C„HooO,4,  . . . 

342 

214-3 

215-6 

1 -596 

1-591 

Disodium  A 
hydrogen  > 
arseniate,  ) 

NaoHAs04-f-12ID0, 

402 

232-0 

235-2 

1-736 

1-713 

Trisodlnm  )_ 
arseniate,  ) 

Na3As04-hl2IIo0,. 

424 

■235 -6 

235-2 

1-804 

1-808 

We  may  notice  that  the  Avater  existing  in  the  salt,  and 
talcing  the  place  of  soda  in  the  acid  salts,  docs  not 
hehave  like  the  Avater  of  crystallisation,  although  the 
hydrogen  and  oxygen  in  the  cane-sugar  (and  milk-sugar 
also),  Avhich  are  in  the  proportion  required  to  form 
Avatcr,  hehave  exactly  like  the  AA'ater  of  crystallisation 
in  the  other  salts. 

The  connection  hetAveen  the  volume  of  many  crystal- 
lised salts,  and  that  of  the  AA’ater  and  the  anhydrous  salt 
they  contain,  is  much  inore  complicated,  e.g.,  the  alums. 

IMany  chemical  compounds  in  their  various  physical 
states  exercise  a definite  action  on  light,  and  one  of  the 
most  interesting,  as  avcII  as  the  simplest,  is  the  velocity 
of  light  in  that  medium  rclatiA’clj’  to  that  in  another 
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Avhich  may  be  a vacuum,  but  more  gouerally  air.  This 
constant  is  known  as  the  index  of  refraction,  and  is 
usually  measured  by  the  deflection  of  a ray  of  light  by 
means  of  a prism  of  known  angle.  Tor  liquids  a trian- 
gular bottle  made  of  glass  plates  with  parallel  sides,  is 
generally  used.  As  the  rays  are  very  differently  bent 
according  to  their  colour  or  wave-length,  it  is  always 
necessary  to  state  for  what  wave-length  the  index  of  re- 
fraction has  been  determined,  those  in  common  use  being 
the  Fraunhofer  line  C (red  hydrogen  line),  the  red 
lithium  line,  or  the  D line  (yellow  sodium  line).  A ray 
of  such  light  entering,  say,  water  from  air,  and  making 
an  angle  i with  the  perpendicular  to  the  common  surface 
of  the  two  media,  makes  noAv  an  angle  r in  the  neAv 
medium  Avith  the  perpendicular.  Although  the  amount 
of  bending  depends  on  the  original  inclination  of  the 
ray,  the  ratio  of  the  sines  of  the  angles  is  a constant, 
sin  i . 

— = index  of  refraction  Avhich  avc  shall  call  n.  But 

sin  V 

the  effect  of  temperature  on  all  substances  is  to  change 
their  densities  and  alsotheir  refractiveindices,and  A\arious 
formulie  of  an  empirical  nature  have  been  given  so  as 
to  obtain  an  expression  independent  of  the  temperature, 

^ ^ 

the  simplest  being  — ~,  <l  being  the  density.  This  is 

a 

called  the  specific  refraction,  and  if  Ave  multiply  this  by 
the  molecular  Aveight  Ave  get  Avhat  is  termed  the  mole- 
cular refraction  of  the  substance. 

As  Ave  saAv  Avith  regard  to  the  molecular  Amlumes  of 
liquids,  it  Avill  be  necessary  to  make  A'ery  many  more  deter- 
minations Avith  the  highest  attainable  accuracy  before 
Ave  can  enunciate  the  laAvs  expressing  the  relationship 
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between  cliemical  composition  and  tlie  velocity  of  liglit  in 
chemical  compounds.  The  stud}’'  of  organic  bodies  in 
this  respect  is  both  easier  and  more  likely  to  give  defi- 
nite information  than  the  study  of  inorganic  l)odies,  the 
constitutions  of  which  have  not  been  worked  out  in  the 
same  detail  as  those  of  the  carbon  compounds.  The  com- 
pounds of  carbon  being  in  so  many  cases  liquid,  furtlier 
much  facilitates  the  accurate  determination  of  the  data 
required.  The  study  of  a large  number  of  liquid  com- 
]iounds,  chiefly  belonging  to  the  fatt}"  scries,  has  led  to 
tlie  following  general  results  : — 

1.  Isomeric  bodies  have  the  same  molecular  refrac- 

tion. 

2.  The  addition  of  two  atoms  of  hydrogen  (H.,)  to 

the  molecule  increases  the  molecular  refraction 
by  2-6. 

3.  The  difference  in  the  molecular  refraction  be- 

tween one  member  of  a homologous  scries  and 
the  next  member  is  7'G,  Avbich  corresponds  to  a 
difference  in  chemical  composition  of  (Clio). 

4.  The  acetic  acid  series  has  the  general  formula 

C„Il2n02,  mid  the  molecular  refraction  of  its 
meml)ers  is  7’G?i-t-6. 

It  is  evident  that  we  possess  sullicicnt  data  to  deter- 
mine the  atomic  refraction  of  carbon,  hydrogen,  and 
oxygen,  for  we  have — 

Iff=2-G 
CH„  = 7-6 

Oo  = G-0 

Whence  we  get  that  of  — 

11  = 1-3 

c =r.-o 

0 =3-0 
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At  20°  C.  the  density  of  ethyl  alcohol  is  '800,  and  its 
index  of  refraction  is  1‘3624  — 


a-1  l'3624-l  ..  . . 

= — :gQQ = •453  = specific  refraction 

•453  X 46  = 20^84  = molecular  refraction 


Calculated  from  the  above  mean  values  for  the  elements 
Ave  have — 

C._,  =2x5  =10 
Hg  = 6xl^3=  1-d, 

0=1x3  =3 


Acetic  acid,  — 


20-8 


Density  =-l  •0495 
Index  of  refraction  = 1 •3718 

= -354  = specific  refraction 
d 1-0495  '■ 


•354  X 60  = 21 '24  (experimental) 

C.  = 2x5  =10 
114  = 4x1-3=  5"2 
0.  =2  x3  =6 

21-2  (theoretical) 


Acetic  aldehyde — 


Density  = '798 
Index  of  refraction  = 1'331 


--- r-i  = = -415  = specific  refraction 

d -798  '■ 


•415  X 44  = 18‘26  (experimental) 

C'a=2x5  =10-0 
114  = 4x1-3=  5-2 
0=1x3  =3-0 


18-2  (theoretical) 
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I'ake  three  metamerides,  as  iiietliyl  acetate,  eth}d 
formate,  ami  propionic  acid. 

Tor  the  llrst,  CIl3(C2ll30._j),  ^ve  have — 

Density  ■=  'OOSO 
Iiide.Y  of  refraction  = 1 ’36099 


n-l  -36099 
d “’9039 


•398 


•398  X 74  = 29 ’45  (e.xperimental) 


For  the  second,  CoH5(CH02),  avc  have — 

Density  = ’9064 
Index  of  refraction  = 1 ’3598 

n-1  •3598_.gg.. 

d ^^64“  ‘ 

•397  X 74  = 29 ’38  (exi)eriinental) 

For  the  third,  lI(C3ll50o),  ve  have — 

Density  = ’9946 
Index  of  refraction  = 1 ’3866 

d -9946 

•389  X 74  = 28’79  (experimental) 

C.,  = 3x5  =15 
H,;  = 6xl-3=  7-8 
0.  = 2x3  = 6 


For  all  three,  . . 28 ’8  (theoretical) 

The  close  agreement  between  the  calculated  and  the 
e.xperiniental  results  does  not  hold  in  every  case,  and  in 
tlic  case  of  unsaturated  bodies  especially  the  discrepancy 
is  so  very  marked  that  we  can  only  attribute  the  dilfer- 
cnce  between  the  two  to  the  structure  of  the  molecule. 

If  we  take  the  same  two  substances  as  avc  took  for 
their  molecular  volumes — aniline  and  picoline,  both  with 
the  empirical  formula,  C^ll^X,  we  have  for  aniline — 
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Density  = 1 •0216 

Index  of  refractional '58629 

■ji-l  ’58629  .r», 

= 5/  4 

cl  1-0216 

•574  X 93  = 52 '38  (experimental) 

For  picoline — 

Density  = '955 
Index  of  refraction  = 1 ’4965 
«-l  ’4965  .~,-y 

•52  X 93  = 48'36  (experimental) 

Gg=6x5  =30 
117  = 7x1-3  = 9-1 
N =1  X 5’75=  5'75 

44’85  (tlieorctical) 

It  is  evident  from  these  two  examples  that  some 
modification  of  the  values  is  necessary  not  only  to  ex- 
plain the  difference  between  the  two,  hut  also  their 
difference  from  the  theoretical  one.  Brlilil,  from  the 
investigation  of  a large  number  of  substances  of  very 
various  constitution,  has  given  the  following  values  : — 


Carbon,  ..... 

0 

0 

0 

2-365 

Hydrogen, 

1-30 

1-103 

Oxygen  (O'),  as  in  hydroxyl. 

2-80 

1-506 

Oxygon  as  in  other,  . 

. . . 

1 -655 

Oxygen  (O'b,  as  in  carbonyl. 

3-40 

2-328 

Chlorine, 

9-87 

6-014 

Bromine,  ..... 

15-39 

8-863 

Iodine,  ..... 

24-69 

13-808 

Kitrogen  (N'),  singly  linked. 

5-75 

2-76 

Each  double  or  ethylene  linking. 

2-30 

1-836 

Each  treble  or  acetylene  linking. 

1-90 

2 '22 

The  first  column  has  the  values  for  the  formula 

d 

and  the  index  of  refraction  for  the  red  hydrogen  ray. 
The  values  in  the  second  are  for  the  formula — 
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bkOhl’s  values. 


u- - 1 ?t^-l  mol.  wt. 

^ ; or  x — 

deduced  independently  by  A.  Lorentz  and  L.  Lorenz  from 
jNlaxwell’s  electromagnetic  theory  of  light,  and  which  has 
been  shown  by  recent  ex})erinients  to  give  results  far 
superior  to  those  of  the  older  formula. 

The  above  numbers  indicate  how  the  higher  values 
in  the  unsaturated  bodies  are  obtained,  since  for  each 
double  or  treble  linking  an  additional  (quantity  must  be 
added  to  that  obtained  from  the  carbon  atoms  alone. 

One  other  interesting  and  important  optical  property 
is  what  is  called  circular  polarisation.  Tor  details  physical 
treatises  must  be  consulted — suffice  it  to  say,  that  if  we 
take  a Nicol’s  prism  a beam  of  ordinary  light  transmitted 
through  it  emerges  polarised,  and  will  be  transmitted 
practically  without  loss  through  another  Nicol’s  prism 
held  in  an  exactly  similar  position  in  the  path  of  the  ray  ; 
but  if  it  be  turned  through  a right  angle  no  light  what- 
ever will  bo  transmitted.  If  we  now  place  between 
these  two  prisms  certain  substances,  both  solid  and 
liquid,  light  will  pass  through  the  second  prism  ; but  if 
we  turn  it  in  the  direction  of  the  hands  of  a watch,  or 
in  the  opposite  direction,  Ave  lind  a point  where  Ave  have 
again  total  extinction.  Substances  Avhich  behave  thus 
to  a beam  of  polarised  light  are  said  to  polarise  circularly. 
The  Nicol’s  prism,  through  Avhich  the  light  first  passes, 
is  called  the  “ polarisor,”  and  is  generally  fixed;  and  the 
one  next  the  eye  the  “analyser,”  and  usually  is  capable 
of  being  rotated,  and  the  angle  of  rotation  measured. 
Substances  Avhich  require  the  analyser  to  be  rotated  in 
the  direction  of  the  hands  of  a Avatch  arc  said  to  be 
“dextro-rotatory,”  and  those  in  the  opposite  direction, 
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“ Itevo-rotatory.”  lii  the  case  of  solids,  such  as  rock 
crystal,  we  have  Ijoth  kinds,  as  ■well  as  one  which  is 
inactive.  Its  rotatory  power  is  plainly  due  to  the 
arrangement  of  the  molecules  in  the  solid  crystal,  and  can 
be  imitated  by  means  of  mica  plates  suitably  arranged, 
as  shown  by  Sohneke.  The  forms  of  the  crystals  them- 
selves dilier  in  such  a way,  that  before  testing  with 
polarised  light  one  can  tell  whether  the  action  will  be 
dextro-  or  leevo-rotatory.  Their  relations  to  one  another 
are  those  of  an  object  to  its  reflection  iii  a mirror,  or  that  of 
the  right  and  left  hands.  When  we  dissolve  such  solids 
in  water  this  action  on  light  ceases.  Many  liquids,  however, 
exert  this  action  powerfully,  and  many  solids  in  solution 
do  the  same.  In  this  case,  then,  the  property  must  be  due 
to  the  arrangement  of  the  atoms  in  the  molecule,  since 
they  are  in  motion  in  all  directions;  but  in  the  solids  which 
give  inactive  solutions  it  must  be  due  to  the  arrangement 
of  the  molecules  when  built  up  to  form  the  solid. 

^Vlinost  all  the  solids  whose  solutions  are  active  are 
inactive  in  the  solid  form.  All  the  liquids  which  possess 
this  property  are  either  themselves  compounds  of  carbon 
or  solutions  of  them.  Their  number  is  relatively  small, 
but  all  contain  what  has  been  termed  an  “asymmetric” 
carbon  atom — that  is,  a carbon  atom  to  which  arc 
attached  four  different  groups  or  radicals.  If  we  take 
the  two  lactic  acids,  we  have — 


H-0— C=0 

I 

11— C— 0— H 

I 

C-II3 

(A) 

Ethylidene  lactic  acid. 


II— 0— c=o 
H_C_H 

I 

II_0— C==H„ 
IB) 

Ethylene  lactic  acid. 


A has  an  “asymmetric”  carbon  atom,  for  it  has  the 

13 
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four  dillereiit  groups,  (II)',  (Oil)',  (CII3)',  (CO.OII)' 
attached  to  it.  II  has,  however,  no  such  atom.  A is  active, 
II  is  inactive.  Again,  tartaric  acid  has  the  formula — 

II— 0— C=0 

I 

II— 0— C— II 

I 

H— 0— C— II 

I 

H_0— C=^0 

Tiirtaric  acid. 

It  has  two  asymmetric  carbon  atoms,  and  may  give,  then, 
an  active  or  inactive  modification.  We  actually  know 
(1)  a (fcaA’o-tartaric  acid;  (2)  an  equally  fcei’o-tartaric 
acid ; (3)  racemic  acid,  which  is  a compound  of  these 
two,  and  can  be  separated  into  them  ; (4)  an  inactive 
tartaric  acid,  which  is  not  separable  into  the  two  acids. 

These  are  explained  by  an  ingenious  theory  due  to 
Le  Bel  and  van’t  Hofi“.  If  we  imagine  a carbon  atom 
at  the  centre  of  a tetrahedron,  and  united  to  four  dif- 
ferent groups,  one  being  situated  at  each  point,  Ave  can 
arrange  them  so  that  Ave  have  tAVO  structures  Avhich  are 
to  one  another  as  an  object  and  its  mirror  image,  as  may 
be  readily  seen  if  Ave  look  doAvn  on  the  figures,  Avhen  the 
carbon  atom  Avill  appear  as  situated  immediately  bcloAv 
the  apex,  and  need  not  bo  here  represented — 


CIL  CH, 


LE  BEL  AND  \'AX’t  HOFF’s  TIIEORV.  195 


These  figures  would  represent  two  possible  //.sv'ca/ 
isomers  of  lactic  (etliylideue)  acid.  The  isomerism  of 
fumaric  and  maleic  acids,  and  the  transformation  of  the 
one  into  the  other,  the  formation  of  fumaric  anhydride, 
d'c.,  can  easily  be  exi)lained  on  this  theory,  for  further 
details  regarding  which  more  aihamced  hooks  must  he 
consulted. 


Tlic  following  typical  Ijodies  may  be  thus  rc2Drosentcd : — 


i 

PI-C-CO.OII 


H_C— GO.OH 
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Maleic  acid. 

II— C— CO.  on 
II 

II— C— CO.OIl 


I'limavic  acid. 

H_C— CO.OH 

II 

H—C -CO.OH 


Attempts  to  connect  the  colour  of  inorganic  compounds 
Avith  their  composition  liaA'e  not  heen  very  successful, 
although  Ave  have  made  much  more  deftnite  progress 
Avith  organic  substances.  Carnelley  pointed  out  that  the 
addition  of  the  electro-negative  element  tended  to  darken 
the  colour,  and  that  this  changed  in  the  order  of  re- 
frangibility,  Avhite  and  black  being  the  extremes,  as  Ave 
see  from 
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Cuprous  chloride, 

Cupric  chloride,  . 

Potassium  ferrocyanidc, 
Potassium  ferricyaiiide. 
Potassium  mauganate,  . 
Potassium  pcrmangauate, 
Manganous  oxide, 
Trimanganic  tetroxide, 
JIanganese  dioxide. 
Potassium  chromate,  . 
Potassium  bichromate,  . 

many  cases  we  have  just 

Mercuric  oxide,  . 

Mercurous  oxide,  . 

Stannic  sulphide, . 

Stannous  sulphide, 
Orpiment,  . 

Realgar, 

Ferrous  chloride,  . 

Ferric  chloride,  . 


CiuCU , 

white. 

CuCL , 

green  or  blue. 

K^FeCCN),, 

yellow.  - 

KjFeCCN)^, 

red. 

K.,MnOi , 

green. 

KMu04, 

purple-red. 

MnO , 

pale  green . 

Mna04 , 

reddish-brown. 

MnO„ , 

black. 

KoCr04 , 

yellow. 

KoCr^Oy , 

orange-red. 

the  reverse, 

as 

HgO, 

red  or  yellow. 

Hg-P , 

black. 

SnS., , 

yellow. 

SnS, 

dark  brown. 

AS2S3 , 

yellow. 

As.jS.j , 

red. 

FeCL , 

greyish-white. 

black. 
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CHAPTER  IX. 

THERMO-CIIEMISTIIY. 

In  our  ordiiiavy  chemical  e(juations  some  very  important 
jiarts  of  the  plieiiomena  occurring  during  the  reaction  or 
reactions  which  tlioy  represent  are  entirely  ignored.  In 
the  majority  of  reactions  which  take  place  there  is  an 
evolution  of  energy,  which  usually  takes  the  form  of  heat. 
AVe  may  iu  many  cases,  however,  have  it  as  electrical 
separation.  One  of  our  fundamental  chemical  laws  is 
that  matter  is  uncreatahle  and  indestructible.  AVe  have 
another  also  which  is  equally  true,  and  that  is,  that  the 
energy  of  an  isolated  system  is  always  the  same,  energy 
like  matter  being  uncreatable  and  indestructible.  Energy, 
or  the  power  of  doing  work,  is  fundamentally  of  two 
kinds — Idndic  and  potent ial.  The  former  is  that  due  to 
matter  in  actual  motion,  the  latter  to  the  ])Osition  or 
arrangement  of  tlie  matter  in  the  system.  Tliese  may 
change  into  one  another,  but  the  sum  remains  the  same. 
A very  simple  case  is  that  of  a ])endulum  swinging.  At 
(jach  side  it  stops  at  its  highest  point,  then  returns. 
AVhen  it  stops  idl  its  energy  is  due  to  its  position,  and  is 
in  the  form  of  potential  energy,  l)ut  at  its  lowest  point  it 
is  moving  with  its  maximum  velocity,  and  has  all  its 
energy  as  kinetic  energy ; but  this  is  sufficient  to  raise 
it  again  to  a height  equal  to  tluit  from  which  it  started, 
whilst  at  iutermeiliate  points  its  energy  is  of  both  kinds. 
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We  liave  seen  that  hot  bodies  consist  of  particles  moving 
with  immense  velocity,  and  their  energy  is  therefore 
kinetic.  If  we  take  a system  consisting  of  carbon  and 
oxygen,  these  two  bodies  may  be  compared  to  a weight 
raised  from  the  earth.  AVlien  the  weight  is  allowed  to 
fall,  the  potential  energy  due  to  the  relative  position 
of  the  earth  and  the  weight  is  converted  into  heat.  In 
a somewhat  similar  way  the  atoms  of  the  carbon  and  the 
oxygen,  coming  together  to  form  a compound,  generate  a 
large  amount  of  heat.  A system  consisting  of  carbon  and 
oxygen  in  the  elementary  condition  possesses  potential 
energy,  which,  when  these  elements  are  allowed  to  com- 
bine, is  converted  into  heat.  But  to  raise  a weight 
from  the  earth  to  the  height  from  which  it  has  fallen,  an 
amount  of  heat,  or  other  form  of  energy  equal  to  that 
which  it  produced  on  falling,  is  required ; so  Avhen  tAVO 
elements  unite  to  form  a compound  Avith  an  evolution 
of  heat  the^  same  amount  of  heat  is  required  to  decom- 
pose the  compound  formed,  and  restore  the  elements 
to  their  original  condition.  This  Avas  recognised  by 
Lavoisier,  and  clearly  enunciated  by  him,  and  has  been 
completely  conhrmed  by  numberless  experiments.  It 
need  hardly  be  pointed  out  that  it  is  a necessary  conse- 
quence of  the  modern  doctrine  of  energy.  In  many 
cases  Ave  can  measure  the  energy  set  free  on  the  com- 
bination of  tAvo  elements  directly ; but  Ave  have  many 
cases,  such  as  gold  and  oxygen,  combined  to  form  auric 
oxide,  or  chlorine  and  nitrogen  to  form  nitrogen  chloride, 
Avhere  Ave  have  the  free  elements  exhibiting  no  tendency 
to  cond)ine,  but  quite  the  reverse,  so  much  so,  that  AA’hen 
combined,  their  readiness  to  separate  is  very  marked. 
We  thus  get  bodies  Avith  various  degrees  of  stability. 
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and  may  define  stable  bodies  as  tliose  which  evolve 
much  heat  in  their  formation,  and  unstable  bodies  those 
whicli  absorb  much  when  tliey  are  formed.  Those  which 
liave  given  out  mucli  heat  when  formed  require  an  equi- 
valent amount  of  heat  or  other  form  of  energy  to  decom- 
pose them ; Imt  those  which  have  absorbed  heat  require 
not  only  no  external  energy  to  be  supplied  to  them,  but 
are  ready  to  give  energy  on  their  decomposition.  In  the 
majority  of  chemical  reactions  heat  is  gi\'en  out,  and,  as  a 
rule,  when  several  reactions  are  possible,  that  which  tends 
to  produce  most  heat  is  that  which  takes  place.  Any 
reaction  in  Avhich  heat  is  given  out  is  said  to  be  exo- 
thermic, and  when  heat  is  absorbed  it  is  called  endo- 
thermic. Various  methods  are  adopted  to  determine 
the  heats  of  formation  of  substances.  They  may  be 
determined  from  the  direct  union  of  the  elements  to 
form  the  compound  without  the  intervention  of  solution. 
For  example,  in  determining  the  heat  evolved  in  the 
formation  of  water  from  hydrogen  and  oxygen,  the  two 
gases  are  supplied  at  carefully  regulated  rates  and  burnt 
in  a metallic  vessel,  surrounded  by  a large  quantity  of 
water,  the  mass  of  which,  along  Avith  tlie  Avater  equi- 
valent of  A^essel,  thermometer,  and  stirrer,  is  accurately 
knoAvn.  The  rise  in  temperature,  multiplied  b}^  the 
mass  in  grams,  gives  the  amount  of  heat  generated  by 
the  combustion  of  the  knoAvn  amount  of  hydrogen  and 
oxygen  supplied  ; or  they  may  be  mixed  in  a stronger 
metal  vessel,  immersed  in  Avatcr,  and  exploded.  The 
reactions  in  solution  are  usually  carried  out  Avith  very 
dilute  solutions,  and  the  reacting  masses  arc  very 
small  compared  Avith  the  total  masses  experimented 
upon. 
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The  measurements  made  by  diflerent  experimenters  iir 
thermal  chemistry  generally  are  not  nearly  so  concordant 
as  those  in  other  branches,  and  this  arises  largely  from 
the  fact  that  the  rises  in  temperature  arc  small,  and  have 
to  he  multiplied  by  large  masses,  so  that  an  error  of  only 
yiy  of  a degree  in  reading  produces  a serious  error  in  the 
result.  In  dealing  with  very  dilute  solutions,  it  is  often 
assumed  that  the  specific  heat  of  such  is  equal  to  that  of 
the  water  they  contain,  and  this  is  only  approximately 
true.  In  tables  of  heats  of  combination,  the  data  given 
are  usually  for  the  ordinary  temperature  of  the  laboratory 
(18°  C.),  unless  otherwise  specified.  It  is  also  always 
necessary  carefully  to  bear  in  mind  the  heat  due  to  any 
physical  change,  and  to  note  the  physical  state  of  the 
components  and  that  of  the  compound  formed.  One  of 
the  most  fundamental  determinations  is  the  heat  evolved 
on  the  union  of  hydrogen  with  oxygen  to  form  water. 
Thomsen  gives  the  following  experiments  : — 


I. 

II. 

III. 

Total  mass  = 

2460 

2460 

2464 

Rise  in  temperature  = 

3°-282 

12°-321 

13° -508 

Water  produced  = 

2T29 

7-989 

8-810 

Heat  evolved  = 

8074 

30309 

33284 

Corrections  = 

15 

86 

112 

8089 

30395 

33396 

For  18  grams  = 

68388 

68467 

68231 

giving  as  a mean  the  value  G8357  units  of  heat  evolved 
by  the  combination  of  2 grams  of  hydrogen  with  16 
grams  of  oxygen  to  form  1 8 grams  of  water.  The  results 
of  various  experimenters  for  the  same,  which  we  usually 
write  (IIo,0),  the  bodies  uniting  (or  often  only  supposed 
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to  unite)  being  separateil  1)y  a comma,  are  the  fol- 
lowing : — 

(H.j,0)  = 69486  (Diilong). 

,,  = 69584  (Hess). 

,,  = 69332  (Grassi). 

,,  = 68433  (Andrews). 

,,  = 68924  (Favre  and  Silbermann). 

,,  = 68357  (Thomsen). 

If  we  take  (J=  IG,  II  = 1'0025,  then  for  (1I.„0)  or  the 
formation  of  18‘005  grams  of  water  = 68370;  and  if 
(,)  = 15-96  and  11  = 1,  (lIo,0)  or  the  formation  of  17'96 
grams  of  water  = G8207.  If  M’e  correct  tliis  to  0°  C.,  this 
becomes — 

68346  (Thomsen). 

68252  (Scliuller  and  Wartlia). 

68461  (Than). 

(Similarly  for  bydrocliloric  acid.  The  production  of 
13'08  grams  of  liydrochloric  acid  from  its  elements 
raised  tlie  temperature  of  21G0  grams  of  water  3°‘205. 
Whence  for  1 gram  we  get  G02T,  and  for  (H,C1)  or  the 
formation  of  3G‘5  grams  of  hydrochloric  acid  {/us=  21976. 
Tlie  mean  of  four  experiments  gave  the  value  for  (H,C1) 
= 22001. 

To  determine  the  heat  evolved  by  the  formation  of  a 
dilute  solution  from  gaseous  hydrochloric  acid,  the  gas 
carefully  dried,  was  passed  into  water  in  a glass  flask, 
when  it  was  found  that  for  the  solution  of  3 6 '5  grams 
of  gaseous  hydrochloric  acid  in  much  water  (Aq) 

17279 

17351 

17311 


as  a mean,  17314  units  of  heat  were  evolved. 
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We  have  tlien — 

(H,C1)  = 22001 

(HCl,A(i)  = 17314 
(H,Cl,A<x)  = 39315  heat  units. 

In  passing  from  any  initial  condition  to  any  final 
condition,  the  heat  evolved  (or  absorbed)  is  a perfectly 
definite  quantity  which  is  quite  independent  of  the 
number  and  sequence  of  these  changes.  It  depends 
solely  on  the  initial  and  the  final  states.  This  law  is 
of  very  great  importance  in  determining  many  heats  of 
combination  which  cannot  be  estimated  directly. 

In  many  elements  we  have  allotropic  modifications, 
and  we  find  that  the  heat  evolved  on  their  combustion  in 
oxygen  depends  on  the  condition  of  the  body  burnt. 
We  must  regard  that  form  Avhich  gives  the  least  amount 
of  heat  on  combustion  as  the  most  stable  form.  For 
example  : — 

1 gram  of  diamond  burnt  to  3|  grams  of  carbon  dioxide 


gives  out, 7770 

„ graphite  ,,  ,,  . 7797 

,,  cliarcoal  ,,  ,,  . 8080 

Or  for  12  grams — 

Diamond,  . ....  93240 

Grapliite  (natural),  .....  93560 

Charcoal, 96960 


We  may  regard  charcoal  burning  to  carbon  dioxide  as 
taking  place  in  two  step.s — 

12  grams  charcoal  becoming  12  grams  graphite  . = 3400 

12  grams  graphite  burning  to  44  grams  carbon  dioxide  =93560 

.•.  12  grams  charcoal  burning  to  44  grams  carbon  dioxide  = 96960 

In  the  same  way  the  change  of  31  grams  of  yellow 


204 


OXIDES  OF  CARBON. 


phosphorus  into  31  grains  of  red  phosphorus  (cryst.) 
gives  19G00  units  of  lieat. 

Carbon,  say  in  the  form  of  charcoal  (solid),  may  he 
burnt  into  carbon  dioxide  (gas)  in  two  stages,  we  might 
even  say  three  stages  : — 

1.  Solid  carbon  to  gaseous  carbon. 

2.  Gaseous  carbon  to  carbon  niono.xidc. 

3.  Gaseous  carbon  monoxide  to  gaseous  carbon  dioxide. 

The  total  for  1,  2,  and  3 is  969G0  for  12  grams  of 
charcoal  burning  to  44  grams  of  carbon  dioxide.  Xow, 
28  grams  of  carbon  monoxide  in  burning  to  44  grams 

of  the  dioxide  give  G79G0,  leaving  thus  for 

9G9G0  - 679G0  = 29000.  In  very  many  cases  the  heat 
of  combination  of  a dioxide  is  almost  exactly  double 
that  of  the  monoxide,  so  a large  amount  of  heat  seems 
to  be  absorbed  in  changing  solid  carbon  to  gaseous 
carbon.  So  that  we  might  write — 

1.  = - 38960  C (solid)  to  C (gas) 

2.  =+67960  C (gas)  to  CO  = (C,0) 

3.  =+67960  CO  to  CO.,  =(CO,0) 

1,  2,  and  3 = f 6960  = ( 

(Cu.,,0)  =39976  (Cu„,Oo)=  76580 

.-.  (CuoO,0)  = 36604 

and 

Sn,0  =69780  (Sii,0;)  = 135360 

.-.  SnO,0  =65580 

Taking  the  thi’ec  hydrocarbons,  acetylene,  C2ll2> 
ethylene,  €2114,  and  ethane,  we  have  the  heat  of 

combustion  of  2G  grams  of  acetylene  = (ColTo, Or,)  = 
310450. 


HYDROCARBONS. 
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(C.,,04)  = 193920 
(Ho,0)=  G8357 

2(0, 0„)  + (Ho,  0)  = 262277 

That  is  to  say,  we  get  more  heat  by  burning  the  com- 
pound than  by  burning  the  same  weights  of  its  com- 
ponents as  elements.  48173  units  of  heat  must,  there- 
fore, be  absorbed  by  the  union  of  24  grams  of  solid  car- 
bon with  2 grams  of  hydrogen  to  form  26  grams  of 
gaseous  acetylene,  for  we  have 

(Co,  Ho)  =a; 

(CoH2,05)  =310450 

(Co,  H.,,05)  = 262277  = 310450  + a: 

(Ca,Ho)=  - 48173=a; 

Similarly,  28  grams  of  ethylene,  on  burning  to  carbon 
dioxide  and  Avater,  give  333350 ; but  24  grams  carbon 
and  4 grams  hydrogen  give 

193920  4-136714  = 330634 
(C2,Hd  = 330634- 333350= -2716 
and  for  ethane — 

(CoHc,0-)  = 370440 

(Co,04)  = 193920 

(Hg.Oj)  = 205080 


(Co,Hc,0-)=  399000 
(CoH6,0;)  = 370440 

(C2,He)  = 4-28560 

For  methane  we  have — 

(CH4,04)  = 211930 

(C,Oo)  = 96960 

(Hj,Oo)  = 136420 


(C,02)4-(H4,0o)  = 233680 
(C,Hd  =4-21750 
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AVe  have,  therefore,  for  the  values — 


Difference. 


(C.,,IL)  = C.,II,,  = -48173 


> 

> 

> 


+ 45457  = (C,,Ho,Ho) 


= = - 271C 


+ 31276  = (CLH^,H.) 


(C.,,1I„)  = C,,H„  = +28560: 


T 


14940  = 


(Co,H8)  = 2CTl4=  +43500/ 

These  dilferences  are  almost  in  the  ratios  of  3:2:1, 
and  a most  interesting  paper  of  a speculative  nature  by 
Thomsen  is  based  on  these  and  many  similar  data  Avith 
regard  to  the  heat  relations  of  the  union  of  one  atom  of 
carbon  Avith  another  singly,  doubly,  and  treldy.  It  is 
quite  evident,  as  in  the  case  of  the  oxides,  that  the 
formation  of  the  sinijilest  gaseous  compound  from  solid 
carbon  involves  a very  large  absorption  of  heat ; but 
that  after  Ave  have  obtained  a gaseous  compound,  the  suc- 
cessiAm  additions  of  hydrogen  each  give  large  evolutions 
of  heat,  Avhich  tend  to  become  much  smaller  as  the 
carbon  becomes  more  nearly  saturated.  It  must  be 
observed,  hoAvever,  that  heat  evolution  is  due  to  tAvo 
actions — the  loosening  of  the  combination  of  the  carbon 
atoms  (probably  - ),  and  the  combination  of  the  hydrogen 
in  its  place  (probably  + ). 

Going  from  acetylene  to  ethylene,  Ave  may  have — 

1.  II— C=C— H to  II— C=C— II  (probably  - ) 

2.  II— C=C— II  + H— H to 


It  may  be  as  Avell  here  to  point  out  that  Avhen  Ave  say 


to  II— C=C— H 
/ lit’ 


I I (probably  + ) 
H H 
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that  the  value  of  (11,01)  = 22001,  wo  are  not  strictly 
correct;  what  we  ought  to  write  is  (ll.^CO)  = 44002, 
and  the  heat  evolution  due  to  the  forniution  of  hydro- 
chloric acid  from  gaseous  hydrogen  and  chlorine  is  only 
the  excess  of  2(11,01)  over  (11,11) -j- (01,01) ; that  is  to 
say,  that  before  we  can  form  two  molecules  of  hydro- 
chloric acid  we  have  to  decompose  the  hydrogen  and 
chlorine  molecules  into  atoms  aird  this  involves  a very 
large  absorption  of  heat,  probably  many  times  as  great 
as  the  quantity  we  measure.  So  that  (Ho,Cl.,)  = 21101 
may  be  written  in  three  steps 
1.  to  H II  = a large  - quantity. 


Several  other  compounds  of  carbon  are  worthy  of 
individual  mention.  First,  we  will  take  carbon  disul- 
phide, CSo,  which  is  usually  prepared  by  the  combustion 
of  carbon  in  sulphur  vapour,  but  this  is  very  unlike  the 
corresponding  combustion  of  carbon  in  oxygen  to  carbon 
dioxide,  for  the  latter,  when  once  started,  goes  on  with 
great  vigour  and  evolution  of  much  heat,  but  the  latter 
reqrrires  the  aid  of  external  heat  to  enable  the  combina- 
tion to  go  on ; and  we  find  heat  is  largely  absorbed. 

(C,S,;)=  -26010  for  gaseous  carbon  disulpliule. 

,,  =- 19610  for  liquid  ,,  ,, 

The  heat  of  formation  of  76  grams  of  carbon  disid- 
phide  is  determined  thus — 


together. 


but 

and 


(CS2,Og)  = 265130 
(C,0.)=  96960 
2(S, 02)  = 142160 


.-.  (C,O2)  + 2(S,O2)  = 239120 
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(C,SJ  = 239120- 265130= -26010 
CSo  gas  to  CSo  li(pid=  +6400 
(C,So)  to  CSo  li(iuul=  -26010  + 6400=  - 19610 

Cymiogeu  is  similarly  formed  with  a large  absorption 
of  heat;  for,  on  burning  52  grams  of  it  an  evolution 
of  259620  heat  units  was  obtaiiied.  This  represents 
(CoNg’^r)  ■■  2(0,02)  - (C2,i^2)»  forma- 

tion of  carbon  dioxide  minus  the  heat  of  formation  of 
cyanogen  (or  plus  the  heat  of  decomposition  of  cjainogen). 

2(C,Oo)  = 193920 

. •.  (C'2,No)  = 193920  - 259620  = - 65700 

Acetylene,  carbon  disulidiide,  and  cyanogen  ought  all 
to  be  readily  decomposed  into  their  elements  explosively, 
and  with  the  evolution  of  much  heat ; and  this  has  been 
shown  to  be  the  case  by  Berthelot  with  regard  to  acety- 
lene and  cyanogen,  and  by  Thorpe  for  carbon  disulphide. 
The  detonation  of  a little  mercuric  fulminate  in  a tube 
tilled  with  carbon  disulphide  vapour  causes  an  explosion 
of  the  vapour  and  its  separation  into  its  elements. 

Before  leaving  the  compounds  of  carbon  avc  will  con- 
sider one  or  two  substances  u.sed  as  fuels  and  containing 
the  three  elements,  carbon,  hydrogen,  and  oxygen. 

1.  Ethyl  alcohol,  0211,^0,  of  which  we  have  the  heat 
of  combustion  ~ 340530,  which  is  the  heat  evolved  in 
the  change  (C2HoO,Oj5)  to  2C02-H31T20 ; but 

2(C,  O2)  + 3(11, „ 0)  = 193920  + 205080  = 399000 
. •,  heat  of  fbnuatiou  = 399000  - 340530=  + 58470  = (Co,  He,0) 

2.  Cellulose, 

(CgHio05,Oio)  = 6COo  + 51IoO,  with  evolution  of  721000  heat  units. 

6(C,0o)  + 5(Il2,O)  = 923560 
. •.  (Cfi,Hio,05)  = 923560  - 721000=  + 202560 
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Now,  the  ordinary  rule  given  for  calculating  the  heat- 
giving power  of  a fuel  from  its  composition  is  to  subtract 
the  oxygen  with  an  equivalent  amount  of  hydrogen  (and 
carbon  if  necessary),  and  take  the  remainder  as  that 
which  alone  will  give  any  heat  on  combustion,  that  is, 
for  ethyl  alcohol,  CoH^jO  - OH.,  = CbH^,  we  are  to  assume 
that  24  parts  of  carbon -1-4  parts  of  hydrogen  will  give 
the  same  amount  of  heat  on  coml)ustion  as  46  parts  of 
ethyl  alcohol. 


46  parts  of  ethyl  alcohol  give 
24  parts  of  carbon  \ 193920  1 

-i-  4 parts  of  hydrogen  / ° + 136720  / 


340530 
= 330640 


Hence  we  get  really  more  heat  to  the  extent  of  9890 
imits  than  the  practical  rule  indicates. 

For  cellulose,  again, 

C«Hio05-504L=C« 


that  is,  162  parts  of  cellulose  are  assumed  to  be  equal  in 
lieat-giving  power  to  72  parts  of  carbon. 


162  parts  of  cellulose  on  combustion  give  721000 
72  parts  of  chareoal  ,,  ,,  581760 


Excess  over  practical  rule  = 139240 

the  rule  giving  in  this  case  only  about  -Jfths  of  the 
amount  really  a\'ailable. 

AVe  have  already  seen  how  the  heat  of  formation  of 
hydrochloric  acid  has  been  determined.  It  has  been 
also  stated  more  than  once  that  the  evolution  of  heat 
given  by  hydrogen  and  chlorine  uniting  is  greater  than 
that  of  hydrogen  and  bromine,  and  this  in  turn  is  greater 
than  that  of  hydrogen  and  iodine.  Now,  by  passing 
chlorine  into  solutions  of  hydrobromic  and  hydriodic 

acids,  we  get  bromine  and  iodine  set  free  respectively, 

14 
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and  hydrochloric  acid  formed.  We  may,  then,  use  this 
reaction  for  determining  the  values  of  (II, Br)  and  (II, I) 
becoming  IIBr  and  HI,  these  two  values  not  being 
obtainable  directly : — 

(HBrAq,Cl)  = HClA(i+  Bi-Aq  + 11478 
„ =(Jl,Cl,Aq)-(H,BrAq) 

To  get  the  hydrogen  for  the  chlorine  we  must  decompose 
the  hydrobromic  acid  ; the  bromine  will  remain  dissolved 
and  the  hydrogen  and  chlorine  will  unite  and  evolve 
22001  units,  then  solution  in  water  gives  a further  evolu- 
tion of  17314,  in  all  39315  units.  We  have  only,  how- 
ever, an  evolution  from  11478  units,  from  vdiich  must  be 
subtracted  19936,  the  heat  of  solution  of  hydrobromic  acid. 

Practically,  however,  solution  of  potassium  bromide 
is  used  instead  of  hydrobromic  acid,  and  we  have  really 
a far  more  complicated  series  of  reactions  to  consider. 

The  heat  of  formation  of  solution  of  potassium  chlo- ' 
ride  from  potassium,  chlorine  and  Avater,  or  (K,C1,A(|), 
is  got  from  the  series  of  reactions  folloAving : — 

(K,0,H,  Aq) -I- (H,Cl,Aq)  + (KOHAq.HCl, Aq)  - (Ho,0)  = (K,C1,  Aq) 
for  (K,0,H)  + (H,C1)  = (K,C1)-1-  (H,0,H)  + heat. 

Some  of  the  heat  is  due  to  the  (K,C1),  some  to  the 
(IIo,0).  A certain  amount  of  heat  is  used  uj)  in  forming 
the  sohition  of  the  solid  pota.ssium  chloride  in  Avater — 
(KCljAq)  becoming  (KClAq)=  - 4440 

If,  then,  Ave  compare  the  formation  of  potassium  bromide 
in  the  same  Avay,  A\'e  haA’e — 

(K,  0,  H,  Aq)  + ( 1 1,  Br,  Aq)  -f  (KOH  Aq,  HBr  Aq)  - (IP,0)  = (K,  Br,  Aq) 
(K,0,lI,Aq)  + (H,Cl,Aq)-t-(KOHAq,HClAq)-(lh,0)  = (K,Cl,Aq> 

The  larger  evolution  of  heat  is  due  to  the  loAA'er  equation, 
and  it  is  evident  that  in  each  Ave  have  seAmral  similar 
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terms.  The  first  term  is  identical.  The  second  term  is 
that  in  which  the  chief  difierence  comes  in.  The  third 
term  is  the  same ; this  is  proved  hy  experiment,  being 
eqnal  in  each  to  13740  units.  The  fourth  term  is  again 
identical  in  each. 

From  these  it  follows  that  hy  the  reaction  of  chlorine 
on  potassium  bromide  in  solution,  Ave  get  exactly  the 
same  evolution  of  heat  as  if  Ave  had  used  hydrohromic 
acid  in  solution. 

. •.  (K,C1,  Aq)  - (K,BrAq)  = (H,C1,  Aq)  - (H,BrAq)  = 11478 

but  (H,Cl,Aq)  = 39315 
11478 


.-.  (II,BrAq)  = 27837 

This  is  less  than  (H,Br,Aq)  by  the  value  for  (Br,Aq), 
the  heat  given  out  by  80  grams  of  liquid  bromine  dis- 
solving in  much  Avater,  Avhich  is  539  heat  units. 

.-.  (H,Br,Aq)  = 27837  + 539  = 28376 
but  (HBr,Aq)  =19936 

(H,Br)  = 8440 

The  bromine  is  here  taken  as  liquid.  The  value  for 
(H,Br),  both  gaseous  at  about  60°  C.,  is  12300. 
Similarly  for  hydriodic  acid,  Avhich  avc  Avill  Avrite  some- 
Avhat  dilferently : — 


(K,0,H,Aq)-HH,Cl,Aq)q-(KOHAq,HClAq)-(Ho,0)  = (K,Cl,Aq) 
Identical  39315  13740  identical 

(K,0,H,Aq) + (H,I,Aq)  -f-  (KOHAq,HClAq)  - (Ho,0)  = (K,I,Aq) 


a;  13675 

39315  + 13740  = 13675  + 26209  -t  (H,  1,  Aq) 
53055  = 39884  + (H,I,Aq) 

13171  = (H,I,Aq) 
but  (HI,Aq)  = 19207 


.-.  (II,I)  = - 6036 
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llyJriodic  acid  is  therefore  an  unstable  body,  and 
separates  into  its  elements  Avitli  an  evolution  of  heat, 
but  its  dilute  solution  is  perfectly  stable  (in  absence  of 
air  or  oxygen).  It  may  be  i^repared  by  the  action  of 
hydrosulphuric  acid  on  iodine  and  water,  and  this  reaction 
enables  us  to  determine  the  heat  of  combination  of 
hydrogen  and  sulphur  to  form  hydrosulphuric  acid  gas. 
Tlie  ordinary  equation  is 

2H.,S  + 2l2=4HI  + S2 
(Is,  Aq, HoS)  - 2(H, I,  Aq)  - (II.„S)  = 21600 
but  2(H,I,Aq)  = 2(13171)  =26342 

26342 -(Iio,S)  = 21600 
.-.  4740  = (Hs,S) 

That  is  the  formation  of  34  grams  of  gaseous  hydro- 
sulphuric acid  from  2 grams  of  hydrogen  and  32  grams 
of  white  sulphur  (precipitated)  results  in  the  evolution  of 
4740  heat  units ; and  as  34  grams  of  hydrosulphuric  acid 
dissolving  in  water  give  4560  heat  units,  we  get  in  all  for 
(Ho,S,Aq)  = 4740 + 4560  = 9300 

The  above  reaction  of  hydrosulphuric  acid  on  iodine 
requires  the  presence  of  water  ; dry  liydrosulphuric  acid 
has  no  action  on  dry  iodine.  If  we  pass  the  hydro- 
sulphuric acid  gas  into  Avater  containing  much  iodine, 
we  lind  that  after  a time  we  get  no  further  reaction. 
1 lydriodic  acid  gas  passed  into  very  much  Avuter  gives  out 
19207  heat  units,  but  AA’hen  the  solution  becomes  sonie- 
Avhat  concentrated  a much  smaller  evolution  is  produced  ; 
tliis  becomes  less  and  less,  and  Avhen  it  falls  to  about 
15336,  Ave  have  just  as  much  heat  formed  as  is  required 
to  decompose  the  hydrosulphuric  acid  in  aqueous  solution. 
This,  Ave  saAV  above,  Avas  9300.  The  total  heat  due  to 
(II,I)  + (llI,Aq)-(II„,S,Aq) 
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at  the  beginning  is  equal  to  an  evolution  of 
- 6036  + 19207  - 9300  = 3871  units 

but  when  the  value  of  (TII,Aq  + ?2lII)  falls  to  1533G, 
we  have 

-6036  + 15336-9300  = 0 

The  action  must  stop  unless  energy  from  an  external 
source  is  supplied.  The  reaction  ceases  when  about  10 
per  cent,  of  hydriodic  acid  is  in  solution. 

Another  very  good  example  indicating  the  methods 
enq)loyed  and  the  precision  obtained  by  different  reac- 
tions by  the  same  experimenter  is  hypochlorous  acid. 

On  passing  chlorine  into  sodium  hydrate  solution, 
we  obtain  sodium  chloride  and  sodium  hypochlorite  in 
solution.  The  same  result  would  have  been  brought 
about  by  dividing  the  soda  into  two  equal  parts,  and 
adding  equivalent  amounts  of  hydrochloric  and  hypo- 
chlorous  acids.  The  heat  evolved  in  each  process  will 
be  very  different  however,  and  from  this  difference  we 
can  calculate  the  quantity  we  desire. 

In  ordinary  notation  we  write  the  one  reaction — 

2NaHO  + Clo  = NaCl  + XaClO  + ILD 
The  other — 

2NaHO  + HCl  + HCIO  = NaCl  + NaClO  + 2H..0 
The  second  reaction  flows  from  the  first,  if  we  assume 
that  the  chlorine  decomposes  a molecule  of  water  to  form 
the  two  acids  thus — 

HoO  + Clo  = IICl  + HC10 

Resolving  the  reaction  of  chlorine  on  sodium  hydrate 
solution  into  factors,  we  have — 

(2NaHOAq,Cl.,)  = (II,Cl,Aq)  + (H,Cl,0,Afi)  - H.O 

+ (XalTOArpHClAq)  + (XaHOAq,IICIOAfi) 
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Now, 


(XaHOAq.Clo)  =24647 
(NaHOAq,HClAq)  =13740 


H,Cl,Aq  = 39315 
(H,,0)  =68357 


(NaHOAq.HClOAq)  = 9976 

The  only  unknown  quantity  is  therefore  (H,Cl,0,Aq)  =x. 


Tlie  other  reaction  employed  is  represented  by  the 
equation  — 

2HI  + HCIO  = I2  + HCl  + H.O 

We  deconqDOse  hydriodic  and  hypochlorous  acids,  and 
form  free  iodine,  hydrochloric  acid  and  water  with  a 
large  evolution  of  heat.  Breaking  it  up  into  its  reac- 
tions, we  have — 

(HC10Aq,2HIAq)  = (H,Cl,Aq)  + (H2,0)-(H,0,Cl,Aq)-2(H,I,Aq) 
Now, 

(HC10Aq,2HIAq)  = 51435 

whence 

51435  = 39315  -h  68357  - .r  - 26342 
51435  = 81330 -.r 
.-.  29895=a:  = (H,0,Cl,Aq) 

The  mean  value  is  29934  for  (lI,0,Cl,Aq).  To 
deduce  from  this  the  heat  of  formation  of  the  anhy- 
dride CI2O,  we  must  know  the  heat  evolved  hy  its  solu- 
tion in  much  water — 


24647  = 39315  + £c  - 68357  4-13740  + 9976 
24647  = «- 5326 
29973  = a:  = (H,Cl,0,Aq) 


(Cl2,0) 

(Cl^O.Aq) 

(H2,0) 


= X 


= 9440 


give 


2(H,Cl,0,Aq)  = 2(29934)  = a;  + 9440 + 68357 


59868  = .x  + 77797 
(Clj.O)  =-l7929  = ai 
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’When  an  acid  and  a base  neutralise  one  another, 
giving  rise  to  a salt  and  water,  Ave  have,  as  has  long 
been  recognised,  a large  evolution  of  heat.  The  amount 
of  heat  thus  produced  when  using  equivalent  quantities 
of  various  acids  and  bases  is  by  no  means  the  same, 
although  the  variations  are  l)y  no  means  so  great  as 
one  might  naturally  expect  from  the  way  terms  such  as 
“ strong  acid,”  “weak  acid,”  “strong  base,”  &c.,  are  freely 
employed.  It  Avas  maintained  by  some  chemists  that 
the  A'ariations  in  the  evolution  of  heat  Avere  due  to  the 
acid  alone,  and  by  others  that  it  Avas  the  base  Avhich 
caused  them,  Avhereas  it  really  depends  on  both. 

To  study  the  phenomena  properl}'^,  Ave  must  Aise 
solutions  so  dilute  that  there  Avill  be  no  evolution  nor 
absorption  of  heat  on  diluting  them  still  further  Avith  a 
fair  amount  of  Avater  at  the  same  temperature,  because 
Ave  Avill  have  Avater  resulting  from  the  reaction  Avhich 
Avill  mix  Avith  the  Avater  in  AAdiich  the  acid  and  base 
are  dissolved.  The  strength  used  by  Thomsen  is  200 
molecules  of  Avater  to  1 equivalent  of  the  acid  or  base, 
Avhich  for  soda  Avill  be  ^NbiOII  = 23 + 16  + 1=  40  grams  in 
200  IIoO  = 200  X (16  + 2)  = 3600  grams  of  AA'ater;  for 
hydrochloric  acid,  HCl  = 1 + 35'5  = 36’5  grams  in  3600 
grams  of  Avatcr ; and  for  sulphuric  acid,  being  dibasic, 
we  must  luvA'c  lIoSO^  = 2 + 32  +64  = 98  grams  in 

98 

2 X 3600  = 7200  grams  of  Avater,  or  _ = 49  grams  in 

Ji 

3600  grams  of  Avater. 

’With  .such  solutions  Ave  may  determine  on  thermal 
grounds  A\diat  tlie  basicity  of  an  acid  is,  provided  we 
Iniow  its  molecular  tceight. 

If  Ave  take  such  a sohition  as  above  described,  con- 


216 


DETEKMIXATION  OF  BASICITY. 


taining  98  grams  of  suliilmric  acid,  and  add  the  base 
(say  soda)  in  equivalent  quantities,  for  each  equivalent 
of  hydrogen  replaced  in  the  acid  avc  ought  to  have  an 
evolution  of  heat.  It  does  not  necessarily  follov,  how- 
ever, that  the  first  and  second  equivalents  of  soda  added 
thus  will  produce  the  same  amount  of  heat.  How  these 
are  related  we  shall  see  better  liy  exanqiles.  In  many 
cases  Ave  .have  also  much  smaller  evolutions,  and  some- 
times absorptions  of  heat,  on  adding  excess  of  the  acid 
or  the  base  to  the  solution  containing  the  normal  salt. 
Many  acids  behave  in  a Avay  we  would  not  expect,  judg- 
ing from  their  general  chemical  reactions. 


I. — Monohasic  Acith. 


Name  of  Acid.  1 

Q. 

(XaOIIAq,QAq). 

Hydrolluoric  acid,  . 

H.F 

16270 

Hydrochloric  acid,  . 

H.Cl 

13740 

Hydrobromic  acid, . 

H.Rr 

137f.O 

Hydriodic  acid, 

H.I 

13680 

Hydrosulphuric  acid. 

H.SH 

7740 

Hypochlorous  acid, 

H.GIO 

9980 

Chloric  acid,  . 

H.CIO., 

13760 

Nitric  acid,  . 

11.  NO., 

13680 

II. — Dihaair  Acids. 


j Name  of  Acid. 

O- 

(•->XaOnAq,QAq). 

IlydroHuosilicic  acid. 

llo.SiF„ 

26620 

Ilydrochloro])latinic  acid. 

Ho.PtCI,; 

27220 

Suljdiuric  acid. 

H.,.S04 

31380 

Chromic  acid. 

H.,.Cr04 

24720 

Periodic  .acid. 

iq.IH^O, 

26590 

Arscnious  acid. 

ir.,.As..o., 

13780 

1 Phosphorou.s  acid,  . 

H.,.P110., 

28450 

1 Ciirbonic  acid. 

H.,.CO, 

20180 

Silicic  acid,  . 

Ho.Si03 

5230 
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III. — Triha^ic  Acuh. 


Name  of  Acid. 

0- 

(.3NaOIIA(i,QAq). 

Phosphoric  acid. 
Arsenic  acid,  . 

II.,.P04 

H3.ASO4 

34030 

35920 

lA". — Tetrahasic.  Acid. 


Name  of  Acid. 

Q. 

(4XaOIIAq,QAq). 

Pj'rophosphoric  acid. 

H4.P.O7 

52740 

Tlie  above  tables  show  the  heat  evolved  on  neutralising 
the  acids  with  sodium  hydrate  according  to  Thomsen’s 
experiments.  We  must  now  look  at  the  results  of  his 
experiments  on  adding  the  soda  in  single  equivalents,  or 
sometimes  in  fractions  of  an  ecprivalent. 


Name  of  Acid. 


} 


Monobasic  Acids — 

Hydrofluoric 

acid, 

Hydrosulpliuric 
acid,  j 

Iodic  acid, . 
Hypophosphoru.s, 

j Dibasic  Acids — 
Sulphuric  acid,  . 


Q- 


n. 


H.F 

H.SH 

H.IO, 


H..SO4 


2 


H.PHoOo  -j  1 


■2  I 


(JlNaOHAq,QAq). 

7/i. 

NaOHAq,mQAq. 

16272 

1 

16272 

• • . 

2 

15984 

7738 

1 

7738 

7802 

2 

13808 

1 

13808 

14416 

2 

14000 

7695 

1 

•> 

7637 

15160 

1 

15160 

15275 

2 

15390 

7193 

i 

7842 

14754 

h 

15689 

31378 

1 

14754 

31368 

2 

14386 
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Niime  of  Acid.  i (J.  j n. 

Dibasic  Acids,  con. 

(''liromic  acid, 

Suli)liin'ons  acid, 
i'oiiodic  acid, 

Arscnious  acid,  . 

Pho.spliorous  acid. 

Carbonic  acitl,  . 

2'ribasic  Acid — 

Phosphoric  acid,. 

7'etrabasic  Acid — 

Pyropho-sphoric  \ 
acid,  / 


/ 


«XaOHAq,Q.\q). 

7ii. 

XaOIIAq,7/iQ.\q. 

13134 

i 

6291 

24720 

h 

12360 

25164 

1 

13134 

15870 

7332 

28968 

1 

•> 

14484 

29328 

1 

15870 

5150 

1 

•S’ 

6410 

26590 

0 

t 

11290 

28230 

h 

13300 

29740 

'i 

11010 

32040 

1 

5150 

7300 

i 

3895 

13780 

h 

5023 

15070 

h 

6890 

15580 

1 

7300 

7428 

h 

9647 

14832 

h 

14244 

28448 

1 

14832 

28940 

2 

14856 

11016 

1 

5148 

20184 

h 

10092 

20592 

1 

11016 

7329 

h 

5880 

14829 

h 

11343 

27078 

13539 

34029 

1 

14829 

35280 

2 

14658 

14376 

h 

9080 

28644 

J 

13184 

52738 

i 

14322 

54480 

1 

14376 

IL.CrO, 

H^.SO, 

H...IH.A 


H,.AsA4  3 

( ^ 

Ho.PHO.,|d  1 


H.,.COs  A 2 
i I 4 


H3.PO, 


H,.P207 


P"rom  tliese  results  Thomsen  concludes  : — 

1.  AVhen  a molecule  of  sodium  hydrate  in  a(][ueous 
solution  reacts  on  an  acid,  the  evolution  of  heat  is  very 
nearly  ])roportional  to  the  quantity  of  the  acid  until  this 
amounts  to  1,  or  molecule,  according  as  the  acid 
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is  mono-,  di-,  tri-,  or  tetra-basic ; but  if  the  quantity  of  acid 
exceeds  tliat  reqiured  for  the  formation  of  the  normal 
salt,  a difference  in  the  behaviour  of  the  various  acids 
becomes  apparent,  due  to  their  constitution,  whereby 
the  evolution  of  heat  may  be  positive,  negative,  or 
nil. 

2.  If  a molecule  of  an  acid  in  aqueous  solution  reacts 
with  sodium  hydrate,  the  evolution  of  heat  appears  in 
most  cases  to  be  approximately  proportional  to  the 
quantity  of  soda,  until  this  amounts  to  1,  2,  3,  or  4 
molecules  of  sodium  hydrate,  according  as  the  acid  is 
mono-,  di-,  tri-,  or  tetra-basic ; bi;t  if  the  quantity  of 
soda  be  increased  beyond  this,  no  important  change 
in  the  amount  of  heat  evolved  takes  place  in  con- 
sequence. 

Looking  at  some  of  the  results  in  the  above  table,  we 
see  clearly  the  meaning  of  the  two  laAVS  above,  as  well 
as  how  we  deduce  the  basicity  of  the  acids.  Hydro- 
sulphuric  acid,  H.^S,  in  solution  behaves  as  a monobasic 
acid,  since  we  get  the  same  evolution  of  heat  from  the 
two  reactions — 

NaHO  + H„S  = NaHS  + H.U  (7738) 

2NaHO  + HoS  ^ NaHS  + H.O  + XaHO  (7802) 

The  second  molecule  of  sodium  hydrate  being  apparently 
without  effect. 

Srdphuric  acid,  HgSO^,  on  the  other  hand,  is  clearly  a 
dibasic  acid — 

NaHO  + HoS04  = NaHS04  + H„0  (14754) 

2NaH0  + II.,S04  = Na,,S04  -r2H„0  (31378) 

whence 


NallO  + NaHS04  = Na,_;.S04  4-  HoO  (16624) 
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Tlie  replacement  of  the  second  atom  of  liydrogen  in 
the  sidplinric  acid  molecule  by  sodium  therefore  is 
attended  hy  the  evolution  of  a larger  amount  of  heat 
than  in  the  case  of  the  first,  in  other  words,  the  reaction 

NallO  + 1 1..S04  = NallSOi  + H„0 
gives  less  heat  than 

NaliO  + NaIIS04  = Na^SOj  + ILO 

What  then  will  bo  the  action  of  more  sidphuric  acid 
on  the  normal  sul  1)1  late  ? Obviously  an  ab.sorption  of  heat 
for 

2XaHO  + H.SO4  = Na.,S04  + 2HoO  give  31378 
but 

2NaH0  + 2ILS04  = 2NaIIS04  + 2H.p  give  2 x 14754  = 29508 

Hence  we  see  the  reason  of  the  smaller  amount  of  heat 
when  a larger  quantity  of  sulphuric  acid  is  added  than 
is  required  for  neutralisation. 

The  behaviour  of  periodic  acid  towards  bases  is  much 
more  complicated,  but  the  thermal  phenomena  seem  to 
point  to  its  being  a dibasic  acid.  Beginning  with  the 
anhydride,  I2O-,  it  is  obvious  we  may  have  many 
possible  acids  by  combination  with  varying  quantities  of 
water — 

IB0  + I.P7=2HI04 

2ID0  + IA=H4l20,. 

and  so  on  up  to 

5ILO  + I.A  = 2H5lO,i 

It  is  very  probable  that  by  varying  the  quantities  of  the 
base  that  we  may  produce  salts  of  what  are  really 
difTerent  periodic  acids.  The  very  peculiar  action  of  a 
large  excess  of  acid  giving  only  a small  amount  of  heat 
is  probably  duo  to  some  such  action. 
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Thomsen  graphically  represents  the  reaction  thus  : 


Taking  one  acid  and  the  various  bases  with  regard  to 
it,  Thomsen  finds  they  may  be  divided  into  six  groups  : — - 

A.  Alkalies  or  alkaline  earths,  including  thallious 
oxide  and  ammonia. 

15.  Bases  of  the  magnesium  group. 

C.  Sesquioxides. 
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D.  Oxides  of  the  rarer  elements,  i.e,,  lanthanum, 

cerium,  didymium,  yttrium,  and  erbium. 

E.  Anhydrous  bases,  as  lead  monoxide,  oxides  of  mer- 

cury, and  silver  oxide. 

F.  Organic  bases,  as  methylamine,  aniline,  hydroxyl- 

amine. 


Some  of  his  results  are  given  in  the  following  tables  : — 


Q. 

(Q,1I,S04A<i). 

(Q,2IIClA(i). 

(Q,21IX03Aq). 

2KOHA(|  . . . 

31290 

27500 

27540 

2NaOHA(j  . 

31380 

27490 

27360 

2LiOHAq 

31290 

27700 

2T10HA(i  . . . 

31130 

27520 

27^0 

BaO.,H.,A<l  . . . 

36900* 

27780 

28260 

SrO.,H.,A(i  . . . 

30710 

27630 

CaO.,HoA(j  . . , 

31140 

27900 

MgO“.,H„  . . . 

31220 

27690 

27520 

MnO.,Ho  . . . 

26480 

22950 

CoOoH.,  .... 

24670 

21140 

FeO.,H.,  .... 

24920 

21390 

ZnO.,H 

2-3410 

19880 

198.30 

CuO.,H. 

18440 

14910 

14890 

CuO 

18800 

1.5270 

15250 

PbO 

23380* 

15390 

17770 

HgO 

18920 

6210 

Hg,0  .... 

30070* 

5790 

Ag.,0  .... 

14490 

42380* 

10880 

2NH.,  .... 

28150 

24540 

24640 

2N(CH,)40HA(i  . 

31030 

27490 

2NH..(CH3)A(i 

26230 

2N(Cil3hAq  . . 

21080 

17480 

2NHo(OII)Aq  . . 

21.580 

18520 

2NH,(C,dh)A.i  . 

1848a 

* One.  notices  the  large  values  obtaineil  when  the  result  is  an 
insoluble  salt,  as  BaSO^,  PbSOi,  HgoCl.,,  AgCl.  We  have  the 
heat  due  to  the  ])hysical  change  of  state  along  with  that  due  to 
the  cheinieal  action. 
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Q. 

(Q,3Il2S04Aq). 

(Q,6HClAq). 

La-.Og.xHoO  . . 

3 x27470 

3x25020 

Ce.,03.xH.20  . . 

3 X 26030 

3x24160 

A1.,02.xH.,0  . . 

3 X 20990 

3 x 18640 

Cr.Oa.xHoO  . . 

3x  16440 

3 x 13730 

FcqUs.xHoO 

3x11280 

3x11150 

The  evolution  of  heat  on  neutralisation  for  the 
magnesia  group  was  determined  from  the  heat  evolved 
on  decomposition  of  the  sulphates  in  solution  by  baryta- 
water.  The  evolution  of  heat  thus  obtained  Avas  due  to 
the  difference  between  the  heats  of  neutralisation  of 
baryta  and  the  hydrate  in  question — 

(MgHo0oAq,H.2S04.Aq)  = (BaIIo02Aq,n2S04Aq)  - (MgS04Aq,BaIl202Aq) 

X = 36896  - 5840 

X = 31056 

also 

(MgIl202Aq,H2S04Aq)  = (2K0HAq,Il2S04Aq)  - (MgS04Aq,2K0HAq) 

X = 31288  -(-88) 

X = 31288  + 88  = 31376 

/31056  + 31376\ 

Mean  value  = I g 1 = 31216 

Similarly  for  the  sesquioxide  group — 

(FC206n6Aq,6HCUq)  =6(XaOIlAq,HClAq)  - (Fe2ClgAq,6NaOHAq) 

X = 6(13744)  - 49008 

X = 82464  - 49008 

X = 33456  = 3x11152 

The  average  ditference  of  eight  acids  is  507 ; but  with 
sulphuric  acid  Ave  have  5518,  indicating,  Avhat  is 
pointed  out  bcloAV",  that  much  heat  is  produced  by  the 
formation  of  a solid  (barium  sulphate). 
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LAW  OF  THEKiSLO-NEUTRALFrY. 


Comparing  tlio  heat  evolved  by  neutralising  various 
acids  with  two  bases,  soda  and  baryta,  he  got — 


Acid. 

2XaI10. 

liaHoOo. 

Difference. 

Siilplmric,  H-.SO^ 

31378 

36896 

5518 

Chloric,  211C103  . 

Hydrochloric,  2HC1 . 

27518 

28056 

538 

27488 

27784 

296 

Nitric,  21INO.,  . 

Acetic,  2HC.,H302 

27364 

28264 

900 

26790 

26904 

114 

Hydrosulphuric,  211SH 

15476 

15748 

272 

The  law  of  thermo-neutrality  of  Hess,  which  stated 
that,  when  Ave  have  the  double  docomposition  of  neutral 
salts  in  solution,  heat  is  neither  evolved  nor  absorbed,  is 
not  strictly  true.  From  the  tables  given  above,  it  is 
apparent  that  the  dilferences  between  the  amounts  of 
heat  given  out  on  neutralisation  by  any  two  bases  and  a 
series  of  acids  are  practically  the  same,  and  similarly  for 
any  two  acids  Avith  a series  of  bases.  Hence,  on  double 
decomposition  of  tAvo  salts,  Ave  have  at  most  small 
thermal  changes  if  all  the  products  remain  in  .solution, 
ami  the  acids  are  of  a normal  type. 

One  very  iiAtcresting  problem,  but  a very  hard  one  to 
solve  satisfactorily,  and  Avhich  Ave  must  leave  till  the 
next  chapter,  is — Suppose  aa'c.  take  one  equivalent  of 
potash,  and  add  one  equivalent  of  nitric  acid  and  one 
equivalent  of  sulphuric  acid,  hoAV  is  the  potash  shared 
by  the  tAVo  acids  ? Does  the  sulphuric  acid  take  it  all 
and  completely  prevent  the  nitric  acid  from  having  any, 
or  not? 


CHEMICAL  AND  PHYSICAL  CHANGES. 
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CHAPTER  X. 


CHEMICAL  CHANGE. 

Chemistry  lias  to  deal  M-ith  the  changes  in  the  struc- 
ture of  the  individual  molecules  of  Mdiich  a mass  of 
any  kind  may  he  made  up,  'whereas  physics  has  to  deal 
cliiehy  'with  the  molecules  in  a state  of  aggregation. 
The  former  studies  the  internal  arrangement  and 
relations  of  the  parts  of  the  molecule  to  one  another, 
Avhile  the  latter  has  to  take  note  of  the  relations  of  the 
whole  molecules  to  one  another. 

A chemical  change  then  is  one  which  affects  the 
arrangeiiient  and  the  number  of  the  atoms  in  a mole- 
cule. A physical  change  affects  the  state  of  aggregation 
of  the  molecules  and  their  action  as  a mass.  Water 
in  the  form  of  steam,  M’ater,  and  ice,  has  in  each  the 
same  relative  composition  of  eight  parts  by  Mmiglit  of 
oxygen  to  one  part  of  hydrogen.  As  far  as  Ave  can  di.s- 
cover,  each  molecule  in  any  one  of  the  three  forms  is 
made  up  in  this  Avay.  8imilarly,  Avhen  Ave  heat  red 
mercuric  oxide  carefully,  so  as  to  lose  neither  mercury 
nor  oxygen,  it  becomes  black,  and  Avhen  alloAved  to  cool  it 
regains  its  original  red  colour;  Avhen  black,  just  as 
Avhen  red,  as  far  as  Ave  knoA\^,  its  composition  is  tAvo 
hundred  parts  of  mercury  united  to  sixteen  parts  of 

15 
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CLASSES  OF  CHEMICAL  CHANGES. 


oxygen.  Its  action  on  liglit  varies,  but  each  molecule 
seems  to  remain  the  same.  If  we  heat  it  further,  how- 
ever, we  easily  separate  the  mercury  atoms  from  the 
oxygen  atoms,  and  thus  have  a chemical  change. 

Chemical  changes  may  he  referred  to  a few  typical 
classes,  of  which  the  chief  are  : — 

1.  Analysis,  or  the  formation  of  two  or  more  simpler 

molecides  from  a complex  one. 

2.  Synthenix,  or  the  formation  of  more  complex  mole- 

cules from  sim])ler  ones. 

3.  Sahstitutivn,  t>r  the  formation  of  a new  molecule 

by  the  withdrawal  of  an  atom  or  group  of  atoms 
(a  radical),  and  its  simultaneous  replacement  by 
an  equivalent  atom  or  radical. 

4.  Isomeric  chanye,  or  the  formation  of  a distinctly 

new  molecule  or  molecules,  having  the  same 
relative  composition  as  those  from  which  they 
were  formed. 

With  regard  to  the  first,  in  its  simplest  form,  which 
we  may  call  true  analysis,  or  the  separation  of  a mole- 
cule into  its  constituent  atoms,  wo  have  many  examples 
as  the  first  stage  of  further  chemical  change.s,  but  very 
few  in  which  the  result  of  this  analysis  remains  as  the 
final  stage  of  the  change,  unless  at  very  high  tempera- 
tures, since  the  atoms,  even  when  alike,  tend  to  form 
themselves  into  molecules  when  the  temperature  is 
low. 

For  the  commoner  cases  of  analysis,  which  Ave  may 
term  proximate  analysis,  avc  have  very  numerous 
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examples,  as  in  the  substance  above  referred  to,  red 
mercuric  oxide,  wliicli,  when  heated,  breaks  into 
mercury  and  oxygen  atoms,  as  in  a true  analysis ; but 
this  is  not  the  final  stage,  for  the  oxygen  atoms  unite  in 
pairs,  while  the  mercury  atoms  remain  free — ■ 

IIg0  + Iig0  = Hgi-O-rHg-i-0  = 2Hg  + O.j 

Two  Olio 

molecules,  molecule. 

Sodium  hydrogen  sulphate,  when  heated,  gives  sodium 
pyrosulphate  and  water,  and  the  sodium  pyrosuljdiate 
gives  sodium  sulphate  and  sulphur  trioxide — 

2NaPIS04  = Na^S^O^  + ILO 

NarSo07  = NaoSO.j  + SOa 

Calcium  carbonate  (limestone),  when  heated,  breaks  up 
into  calcium  oxide  ((|uicklime)  and  carbon  dioxide — 

CaCOo  = CaO  + COo 

Glucose  or  grape-sugar,  when  its  solution  is  fermented, 
breaks  up  into  alcohol  and  carbon  dioxide — 

= 2C.H5OH  + 2C0, 

In  the  same  way  we  may  regard  synthesis  as  of  two 
kinds,  true  synthesis  being  characterised  by  the  forma- 
tion of  a molecule  from  free  atoms  ; this  can  happen 
only  at  temperatures  high  enough  for  the  existence  of 
free  atoms,  and  is  usually  preceded  by  a true  analysis. 
In  the  formation  of  steam  from  a mixture  of  oxygen 
and  hydrogen,  we  apply  a light  and  decompose  a few  of 
the  molecules  of  each  gas  into  their  component  atoms  ; 
and  these,  instead  of  reforming  the  original  molecules 
of  the  element,  form  stabler  ones  of  the  compound  with 
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the  evolution  of  much  lieat,  wliicli  decomposes  fresh 
molecules  in  turn,  just  as  the  light  ajiplied  did,  till  all 
have  combined,  as 

2IU  + 0,.=  II  + II  + 0 + 0 + II I II  = 2IU0 

Proximate  synthesis  is  the  formation  of  a new  mole- 
cule from  two  or  more  simpler  ones,  as  calcium  oxide 
unites  with  carbon  dioxide  to  form  calcium  carbonate — 

Ca0  + C0,,=CaC03 

'\^mter  and  phosphorus  pentoxide  unite  to  form  meta- 
phosphoric  acid,  llPOg,  or  ortho-phosphoric  acid, 
llaPO^— 

lI.,0  + r.,05  = 2HP03 
3Il30  + PA  = 2Il3P0, 

AVater  and  j^otassium  oxide  unite  to  form  potassium 
hydrate— 

IL0  + K30  = 2KH0 


Substitution  is  a very  common  method  of  forming 
new  molecules,  and  in  its  widest  sense  may  be  regarded 
as  almost  the  same  as  double  decomposition.  Gerhard t 
regarded  all  chemical  changes  as  being  of  the  nature  of 
double  decomposition ; and  although  we  hardly  go  so 
far  as  that,  there  is  no  doid)t  that  the  majority  of 
reactions  may  be  thus  regarded.  AVhat  we  mean  by 
double  decomposition  is,  that  if  we  regard  two  mole- 
cules as  being  each  composed  of  two  i>arts,  when  they 
react  on  one  another  the  bodies  formed  will  also  consist 
of  the  same  iiarts,  but  arranged  in  another  way.  If  we 
have  a molecule  AP  composed  of  A and  I),  and  ah  com- 
posed of  a and  />,  then  when  AP  acts  on  ah  we  have 
M)  and  nP  produced  by  the  reaction. 
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The  following  examples  will  make  this  plainer  : — 


CILj-CO,H  + 

Acetic  acid. 

Cl, 

Clilorine. 

H-0— NO,  p 

Xitric  acid. 

HCl 

Ilydrocliioric  acid. 

CbITr  + 

Benzene. 

II— 0— NO, 

Xitric  acid. 

CrIIr  + 

Benzene. 

2II-0— NO, 

Xitric  acid. 

C«II«  p 

Benzene. 

H-O-SO,!! 

Sulphuric  acid. 

CrIIr-HSO,  + 

Benzene- 
sulphonic  acid. 

2KII0 

Potassium  liydrate. 

Na.,S04  -p 

Sodium  sulphate. 

BaCI, 

Baiium  chloride. 

CIT,C1— CO.JT 

Monnc-lilnracetic 

acid. 

H-0— II 

Water. 

CfiII,.NO, 

Kitrobenzeiie. 


+ IICl 

llydrocliloiic 

acid. 

+ NO.,— Cl 

Nitryl  cliforid''. 

+ H— 0— H 

M'atcr. 


CrITj.  (NO,),  + 2II— 0— II 

Dinitro-bcnzene.  Water. 


CrII,.SO,II 

ncnzeiic-sulphonic 

acid. 


d-  n— 0-H 

Water. 


CrII5.0II  + K,S0,+ 

i’lienol.  Potassium 
sulpliite. 


II-O-H 

Water, 


BaSO^ 

Barium  sulphate. 


+ 2NaCl 

Sodium  cliloride. 


NaCl  + AgNO, 

Sodium  chloride.  Silver  nitrate. 


NaNO, 


Sodium  nitrate. 


+ AgCl 

Silver  cliloride. 


Isomeric  change  occurs  very  frequently  with  Bodies  of 
which  the  molecule  is  a complex  one,  and  of  which  the 
atoms  in  the  molecule,  being  numerous,  can  rearrange 
themselves  in  more  or  less  stable  forms.  The  most 


interesting  case  historically  is 
cyanate  into  urea  : — 

NH4CNO 
Ammonium  cyanate. 

Chllg— NC 

Ktliyi  iso-oyanidc. 

CIL,— 0— NHO  = 

Metliyl  nitrite. 

CrH,— NHCII.5  = 

.Metliylaniline. 


the  change  of  ammonium 


(NH,),CO 

U rcii. 

C,Il5— CN 

Ktliyl  cyanide. 

CII,— NO, 

Nitro-metliane. 

CrII/JIL,  - Nil, 

Toluidinc. 
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i’olymei'isation  occurs  Avlien  tlio  molecular  weight  of 
the  )iew  l)0(ly  is  a multiple  of  that  of  the  original  suh- 
staiice,  the  percentage  composition  of  both  being  the 
same,  as 

3C,Il2  = CJIe 

Acetylene.  Henzene. 


lllICNO  = UnCnNnOn 
('yiinic  aciil.  Cyamelidc. 


3CoTbO  = CfiHjnOa 

Aldehyde.  1 ’a  ra-ald  ehy  dc. 


Why  do  these  reactions  take  place  at  all,  and  what  is 
the  cause  of  the  chemical  changes  ? Wh}’-  does  a mix- 

ture of  hydrogen  and  chlorine  in  equal  volumes  give 
rise  to  an  equal  volume  of  hydrochloric  acid,  whilst  a 
mixture  of  hydrogeir  and  iodine  vapour  docs  not  tend 
to  produce  hydriodic  acid ; or  if  we  prepare  a quantity 
of  hydriodic  acid  gas  and  mix  it  with  chlorine,  why  do 
we  get  hydrochloric  acid  gas  and  free  iodine?  We 
usually  say  that  the  hydrogen  has  a greater  affinity  for 
chlorine  than  for  iodine,  and  that  the  combination  of 
hydrogen  with  chlorine  gives  out  more  heat  than  that  of 
hj'drogen  Avith  iodine.  As  the  tendency  in  by  far  the 
larger  number  of  chemical  reactions  is  to  evolve  heat, 
and  so  get  into  a stabler  condition  by  a degradation  of 
energy,  it  is  sometimes  stated  that  Ave  can  measure  the 
affinity  by  the  amount  of  heat  evolved.  That  this  is 
not  so,  hoAvever,  avo  can  easily  in-ove. 

(dicmical  affinity  has  been  compared  to  universal 
gravitation,  but  Avith  these  differences — that  it  only  acts 
at  very  small  distances  and  is  distinctly  elective,  that  is 
to  say,  it  acts  readily  betAveen  some  bodies  and  not  Avith 
others.  The  result  of  the  attraction  is  a combination  of 
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the  two  substances  apparently  by  the  impact  of  the 
atoms  with  an  evolution  of  lieat,  just  as  a body  falling 
to  the  earth  by  the  mutual  attraction  between  it  and 
the  eartli  gives  rise  to  heat  by  percussion  on  their 
collision. 

As  to  its  real  nature  we  are  at  present  qiiitc  ignorant, 
but  much  that  is  interesting  and  iinportant  is  known. 

AVhy  do  we  say  that  chlorine  has  a great  affinity  or 
attraction  for  liydrogen  when  it  can  only  take  one  atom 
for  each  atom  of  itself,  whereas  we  say  nitrogen  has  but 
little  affinity  for  hydrogen,  yet  each  atom  requires  three 
atoms  of  hydrogen  to  satisfy  it  1 In  the  same  way  we 
say  that  potash  is  a stronger  base  than  soda,  and  this 
again  than  ammonia.  It  takes  56  parts  of  potassium 
hydrate  to  neutralise  63  parts  of  nitric  acid,  but  only 
requires  40  parts  of  sodium  hydrate,  and,  still  less,  only 
17  parts  of  ammonia.  One  part  of  potassium  hydrat(> 
only  neutralises  = 1-^  part  of  nitric  acid,  but  1 part  of 
sodium  hydrate  neutralises  I fiy  of  nitric  acid,  Avhile 
1 part  of  ammonia  ireutralises  = 3y|-  parts  of  nitric 
acid.  (Jught  we  not,  thou,  to  say  that  ammonia  is  the 
strongest  base  of  the  three  ^ 

111  the  same  way,  to  take  one  base,  soda,  and  various 
acids,  to  neutralise  40  parts  of  sodium  hydrate,  49  parts 
of  sulphuric  acid,  63  parts  of  nitric  acid,  or  364  parts  of 
hydrochloric  acid  are  required.  Is  hydrochloric  acid 
tlie  strongest  and  nitric  acid  the  weakest  of  these  three 
acids  1 

Before  investigating  this  problem  further,  we  Avill  take 
some  other  and  simpler  cases,  illustrating  to  some 
extent  at  least  the  elective  action  of  affinity,  such  as  the 
replacement  of  one  element  l)y  another.  To  some  .such 
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cases  wo  have  already  referred  when  considering  the 
classification  of  the  elements. 

INFetallic  silver  is  readily  dissolved  hy  nitric  acid,  and 
gives  a solution  of  silver  nitrate,  which,  on  evaporation, 
may  ho  obtained  in  the  solid  form  and  quite  free  from 
acid  reaction.  On  dissolving  some  of  this  solid  in  water, 
and  introducing  a piece  of  metallic  copper,  the  liquid 
acquires  a blue  colour  due  to  the  solution  of  copper 
nitrate,  Avhilo  the  copper  strip  becomes  covered  by  a 
lustrous  grey  powder  of  metallic  silver,  Avhich  Aveighs 
exactly  the  same  as  the  sih^er  from  AA’hich  the  silver  nitrate 
Avas  made';  the  copper,  hoAA'CA'er,  has  lost  considerably 
in  AA'eight.  For  eA-ery  108  parts  of  silver  deposited  avc 
have  31|  of  copper  dissolved,  but  this  may  in  turn  be 
deposited  by  placing  a piece  of  iron  or  zinc  into  the  blue 
solution  till  its  colour  disa])pears,  Avhen  our  31  ^ parts 
of  copper  Avill  be  recovered  as  a broAvn  pOAvder,  Imt  at 
the  expense  of  28  parts  of  iron  or  321,  of  zinc.  In 
these  experiments  Ave  Iuia'c  proved  that  the  affinity  of 
zinc  for  the  nitric  acid  radical  is  greater  than  that  of 
copper  for  it,  but  this  in  turn  is  greater  than  that  of 
silver.  At  each  replacement  AA’e  have  also  a distinct 
and  definite  evolution  of  heat.  Similarly,  if  aa'o  take, 
solution  of  potassium  iodide,  and  add  to  it  bromine 
carefully,  Ave  can  replace  the  AAdiole  of  the  iodine  by 
bromine,  and  obtain  a solution  of  potassium  bromide 
and  free  iodine ; by  passing  iioaa’  chlorine  gas  into  the 
liotassium  bromide  solution,  aa'c  in  turn  olitain  a solution 
of  potassium  chloride  and  free  bromine.  With  these 
cliangcs  also  aa’o  have  a simultaneous  eA'olution  of  heat, 
perfectly  definite  in  amount. 

Under  other  circumstances  iodine  may  turn  out  chlo- 
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rino  from  its  compoimds,  and  notably  those  Avitli  more 
electro-negative  elements.  On  boiling  a solution  of 
pota.ssium  cldorate  acidified  vitli  nitric  acid  (really  a 
solution  containing  free  chloric  acid),  ve  have  chlorine 
steadily  evolved,  and  iodic  acid  and  potassium  iodate 
formed.  Here,  then,  we  have  iodine  indicating  that  its 
affinity  for  oxygen  is  greater  than  that  of  chlorine, 
although  its  affinity  for  hydrogen  is  much  less. 

INlany  external  circumstances,  however,  as  has  been 
pointed  out  already,  modify  the  changes  which  Avould 
be  produced  under  the  influence  of  affinity  alone,  notably 
the  temperature  and  mass  as  well  as  solubility,  volatility, 
and  such  like  properties  of  the  bodies  reacting  or  being 
produced.  The  mere  measurement  of  heat  evolved  in  a 
reaction  does  not  give  a measure  of  the  affinity  or 
inteimtij  of  the  chemical  forces,  but  only  of  the  work 
done  by  them.  How,  then,  can  we  obtain  any  measure- 
ment of  affinity  ? 

'When  solutions  of  tAvo  salts,  such  as  potassium  chlo- 
ride and  sodium  nitrate,  are  mixed,  we  have  xuuloul)tedly 
a reaction  resulting  in  the  formation  of  four  salts,  each 
base  sharing  both  acids.  In  this  way  it  is  possible  to 
cause  an  exchange,  more  or  less  complete,  of  the  acid  from 
one  base  to  the  other  Avhen  we  have  any  great  difference 
of  solubility.  On  mixing  solutions  of  the  two  salts  men- 
tioned, we  have  the  four  possible  salts,  potassium  nitrate, 
potassium  chloride,  sodium  chloride,  sodium  nitrate 
formed.  After  a time  Ave  have  equilibrium  established, 
and  this  state  of  equilibrium  depends  on  the  proportions 
in  Avhich  the  original  salts  are  mixed.  If  Ave  remove  one 
of  these  salts  in  any  Avay  (by  precipitation,  &c.)  it  tends 
to  reform  again,  and  may  again  be  removed.  AVlien  Ave 
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evaporate  sucli  a solution  down,  .sodium  ddoride  is  the 
first  to  separate  out ; as  it  is  formed  and  soi)arated  more 
and  more,  we  liave  erpiivalent  quantities  of  potassium 
nitrate  formed,  and  oil  cooling  it  will  in  turn  crystallise 
out  almost  pure.  The  cold  solution  may  again  he  hoiled 
down  when  the  same  changes  are  repeated. 

^\'e  have  many  other  cases  in  which  it  is  quite 
apparent  that  we  have  a chemical  change  going  on  when 
two  solutions  are  mixed,  even  although  we  may  have  no 
precipitation. 

The  majority  of  our  ordinary  qualitative  and  quanti- 
tative tests  depend  on  double  decomposition  of  this 
nature.  If  we  mix  solutions  of  .sodium  sulphate  and 
barium  chloride,  we  have  the  possible  formation  of 
sodium  chloride  and  barium  sulphate  along  with  the  two 
original  salts.  The  barium  sulphate,  however,  is  so 
insoluble  that  it  separates  at  once,  more  and  more  is 
formed  till  no  more  is  possible,  and  this  hapi)C*ns  when 
either  the  Avhole  of  the  barium  or  of  the  sulphuric  acid 
is  ju-ecipitated.  It  takes  a long  time  for  such  a reaction 
to  become  quite  complete,  if  it  ever  does  so,  even  from 
a practical  point  of  view. 

^Adlon  we  have  all  the  salts  remaining  in  solution  we 
can  still  prove  that  we  have  a change,  and  the  inlluence 
of  the  one  salt  on  the  other  in  the  formation  of  the  two 
other  .salts  ]io.s.sible  have  been  determined  in  .several 
cases  by  making  use  of  such  clTects  as  change  of  colour, 
refractive  index,  volume,  e'ec.,  on  mixture. 

AVben  ferric  nitrate,  Fe.,(N().,)Q,  and  potassium  thio- 
cyanate, IvCNS,  are  mixed  in  solution,  we  have  the  well- 
known  blood-rod  solution  formed,  due  to  the  presence  of 
ferric  thiocyanate.  If  we  mix  the  salts  in  equivalent 
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proportions,  and  compare  tire  colour  tlms  produced  with 
the  colour  of  the  amount  of  pure  feriic  thiocyanate  which 
could  he  produced,  we  can  determine  what  fraction  of 
the  eqirivalent  has  changed.  (_)n  adding  more  and  more 
potassium  thiocyanate  we  get  a stronger  and  stronger 
colour ; yet  we  never  have  the  whole  of  the  iron  changed 
into  thiocyanate,  even  when  the  solution  contains  nearly 
four  hundred  times  the  amount  of  thiocyanate  re- 
quired. 

Gladstone  gave  the  following  measurements  for  one 
equivalent  of  ferric  Jiitrate  : — 


Molecules 
of  Potiissiuin 
Thiocyanate. 

3 . 


Red  Salt 
prod  need. 

88 


.Molecules 
of  I’otassiuiu 
Thiocyanate. 

63  . 


Red  Salt 
produced. 

. 356 


9-6  . 
12-6  . 
19-2  . 
28-2  . 
46-2  . 


127 

99 

1 56 

135 

176 

189 

213 

243 

266 

297 

318 

375 

419 

487 

508 

539 

560 

587 


Taking  the  lirst  at  about  13  per  cent.,  with  375  mole- 
erdes  Ave  have  only  got  about  87  per  eent.  of  the  iron  into 
the  condition  of  red  thiocyanate  ; the  other  13  per  cent, 
of  the  iron  still  remaining  as  nitrate. 

In  a similar  Avaj’',  on  adding  hydrochloric  acid  to  a 
solution  of  copper  sulphate,  we  have  the  blue  colour 
change  to  green  or  greenish  yellow,  according  to  the 
proportion  of  hydrochloric  acid,  and  hence  copper 
chloride  formed.'  lYe  have  here  the  base,  copper  oxide 
dividing  itself  between  the  hydrochloric  and  the  sul- 
jihuric  acid  present,  and  many  actions  of  this  kind  haA'e 
Ix'cn  carefully  studied. 
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If  cliemical  affinity  Le  a true  force,  we  can  find  under 
given  circumstances  wliat  are  the  essential  conditions  for 
C(piilil)riuin.  This  is  what  may  he  called  the  statical 
method  of  measuring  it.  We  may  also,  however,  deter- 
mine in  many  cases  the  rate  of  chemical  change,  and 
tluis  measure  the  intensity  of  the  forces  at  work  hy  a 
kinetic  method.  It  is  a force,  as  it  can  cause  motion  of 
the  molecules,  and  he  converted  definitely  into  other 
forms  of  energj'’. 

Thomsen  showed  tliat  although,  when  we  neutralise 
soda  with  hydrofluoric  acid,  a far  larger  evolution  of 
heat  is  produced  than  with  hydrochloric  acid,  yet  vdien 
hydrochloric  acid  is  added  to  sodium  fluoride,  sodium 
chloride  and  hydrofluoric  acid  were  formed  with  a large 
ahsorption  of  heat.  Here,  then,  is  a case  of  a chemical 
change  taking  place,  and  with  a largo  ahsorption  of  heat, 
and  proving  clearly  that  we  cannot  measure  the  aflinity 
between  two  substances  by  the  amount  of  heat  evolved 
Avhen  they  react.  The  numbers  relating  to  the  experi- 
ment arc  (using  the  notation  employed  in  the  last 
chapter) : — 

Difference. 

(NaOHAq.HFAq)  = -f  16272^„.„, 
(NaOIIA.],HClAq)  = +13740^“'^'^^ 
(NaFAq.HClAq)  - - 2362 

from  which  it  follows  that  about  93  per  cent,  of  the 
sodium  fluoride  is  decomposed. 

The  avidity,  as  Tliomsen  terms  it,  of  hydrofluoric 
acid  for  soda  is  therefore  very  fcelfle. 

In  a similar  way,  by  acting  on  sodium  sulphate  with 
an  eipiivalent  quantity  of  nitric  acid,  he  showed  that 
nitric  acid,  quite  contraiy  to  our  ordinary  notions,  is 
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really  iimcli  more  powerful  tliau  sulphuric  acid,  and  that 
two-thirds  of  the  soda  conihiue  with  the  nitric  acid, 
leaving  only  one-third  for  the  sulphuric  acid.  The  jjarti- 
tion  of  the  base  is  (piite  the  same  whether  sodium 
sulphate  and  nitric  acid,  or  sodium  nitrate  and  sulphuric 
acid,  are  the  original  substances. 

Thomson  gives  the  following  results  of  his  experiments 
on  the  atlinity  (avidity)  of  acids  for  bases  : — 


neat  of 

Ackl. 

Tonmila. 

Affinity. 

Neutialisa- 

tion. 

1 molecule  of  nitric,  . . 

UNO, 

1-00 

13680 

1 

J ) 

,,  liydroeliloi’ie, 

HCl 

1-00 

13740 

1 

J 5 

,,  hydrohromic,  . 

II  Br 

•89 

13750 

1 

J > 

,,  li^'driodic,  . 

HI 

HoSO, 

•79 

13680 

A 

>> 

,,  sulpliuric,  . . 

2 

•49 

15690 

1 

,,  trielilonicetie,  . 

CCl.;.CO.dI 

•36 

13920 

1 

J ) 

,,  orthophos[ilioric, 
,,  oxalic, 

H3PO, 

H.,C.,0, 

•25 

14830 

I 

o 

2 

•24 

14140 

1 

,,  monocliloracetic. 

CHX'l.CO..H 

•09 

14-280 

1 

, , liydrolluoric. 

II F 

•05 

16270 

1 

,,  acetic,  . . 

CHsCO.dl 

•03 

13400 

X 

> i 

,,  l)oracic,  . 

HBO2 

•01 

10005 

Ostwald  has  utilised  in  a similar  way  the  volume 
relations  of  acids,  bases,  and  salts  in  dilute  solution,  and 
has  deduced  almost  exactly  the  same  Axalues  for  the 
affinities  of  the  Aairious  acids. 

The  solutions  he  uses  contain,  as  a rule,  one  molecular 
weight  in  grams  in  one  kilogram  of  solution.  The 
volume  of  such  a solution  would  be  for  potassium 
hydrate  950'G6S  c.c.,  for  nitric  acid  9G6’623  c.c.  On 
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mixing  one  kilogram  of  eacli  we  of  cour.se  obtain  two 
kilograms  (or  2000  grams),  and  the  volume  is  1937'338 
c.c.  ; but  950'GG8  + 9GC'623  are  e(j^ual  to  1917‘291, 
which  shows  that  on  neutrali.sation  we  have  an  e.xpan- 
sion  of  20'047  c.c.  on  neutralisation.  By  employing 
other  acids  we  get  corresponding  results,  and  then  by 
acting  on  solutions  of  salts  by  acids  changes  of  volume 
occur,  from  which  the  extent  of  the  chemical  change 
may  be  deduced  in  the  same  way  as  Thomsen  employed 
the  heat  phenomena. 

He  gives  the  following  values  for  several  acids  : — 


Ackl. 

Formula. 

Affinity. 

Nitric,  .... 

UNO.. 

1-00 

Hydrochloric, 

IICl 

•98 

Trichloracetic, 

CCla.CO,,H 

•80 

Monochloracctic, 

CTLCl.COdI 

•07 

Acetic,  .... 

CHo.CO.H 

•0123  I 

Tartaric, 

aH,(OH)2(COOHb 

•052  1 

To  determine  whether  the  base  had  any  ellect  on  the 
relative  alJinitics,  many  experiments  were  made,  the 
results  of  which  arc  given  in  the  following  table,  which 
in  column  1 gives  the  ratio  in  which  the  bases  are 
divided  between  nitric  and  sulphuric  acid ; 2,  the  same 
for  hydrochloric  and  sulphuric  acids ; and  3,  the  results 
in  column  2 divided  by  those  in  column  1,  thus  giving 
the  alHnity  of  hydrochloric  acid  in  terms  of  that  of  nitric 
acid,  from  which  it  is  very  evident  that  the  relative 
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affinities  of  these  two  acids  are  independent  of  the 
Ijase  : — 


Nitric. 

Uydroeliloric. 

Hydrochloric. 

Suliiluiric. 

Sulijliuric. 

Nitric. 

Potash,  KHO  . 

•659 

^■^^-•97 
2 •00 

Soda,  NallO  . 

•657 

^343  = 1-92 

^^=•96 

2-00 

Anmiouia,  NII3 

•644 

^356  = 1-81 

=-96 

1-88 

Magnesia,  MgO 

■638 

•365  ^ 

— = •99 

1 •76 

1 Zinc  oxide,  ZnO 

•617 

•383“^'®^ 

^^"  = 1-53 
•395  ^ 

l^^--95 
1-61“  ■ 

Copper  oxide,  CuU 

■-^  = 1-49 
•401 

■584  , ,,, 

•416“^'“^^ 

110..P7 
1-49  ' 

It  is  hy  no  means  easy  to  determine  accurately  tlie 
rate  of  cliemical  change  in  ordinary  reactions,  as  not 
only  are  the  quantities  of  the  reacting  substances  con- 
stantly changing,  but  other  substances  are  being  pro- 
duced which  modify  the  i^rincipal  change  by  their 
presence.  One  or  two  examples,  however,  may  be 
looked  at  with  advantage.  One  of  the  simplest  is  the 
“inversion”  of  cane-sugar,  which  is  dextro-rotatory,  but 
on  hydration  it  changes  into  two  new  bodies — dextrose 
and  Igevulose,  of  which  the  Isevulose  is  more  powerfully 
Isevo-  than  the  dextrose  is  dextro-rotatory;  hence,  Avhen 
the  change  is  complete  our  dextro-rotatory  cane-sugar 
becomes  a Isevo-rotatory  mixture  of  dextrose  and  laj vil- 
lose. The  change  can  be  noted  while  it  progresses,  and 
no  by-products  seem  to  be  formed.  It,  however,  requires 
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the  })i‘eseiico  of  an  acid,  and  ■we  may  compare  the  powei- 
of  the  various  acids  to  induce  the  change,  ■wliicli  may  he 
simply  represented  thus — 

+ IhO  = 

Cane-sugar.  Water.  Oe.xtiosc.  Lajvulose. 

In  tlie  same  way  many  ethers,  which  are  readily 
decomposed  hy  Avater  when  lieated  with  it,  react  very 
slowly  when  cold,  hnt  mnch  more  ra})idly  when  a small 
(piantity  of  an  acid  is  added  to  them.  (Jstwald  used 
methyl  acetate,  which  only  decomposes  into  methyl 
alcohol  and  acetic  acid  to  the  extent  of  1 per  cent,  in 
two  or  three  days  vdth  pure  water ; hut  if  ti  small  (pian- 
tity of  an  acid  he  added,  it  may  he  completely  resolved 
into  alcohol  and  acid  in  one  day.  The  change  is  readily 
measured  hy  determining  the  increasing  amount  of  acid 
at  given  intervals  of  time. 

Another  change,  which  has  been  investigated  in  a 
similar  way,  hut  which  is  not  so  free  from  secondaiy 
reactions,  is  the  breaking  up  of  acetamide  into  ammonia 
and  acetic  acid  in  presence  of  water  and  a strong  acid, 
the  mainspring  of  the  action  being  the  tendency  of  the 
acid  and  ammonia  to  combine. 

CII3.CO.  NIL  + ILO  + llCl  = CH3.  CO.OH  + NII3.HCI 

As  the  change  proceeds,  it  is  evident  we  have  larger 
and  larger  (piantities  of  acetic  acid  produced,  whilst 
more  and  more  acetamide  and  strong  acid  disappears. 
(Some  of  the  numbers  obtained  by  Ostwald  by  various 
methods  arc  tabulated  below  for  comparison.  Those  in 
column  I.  are  derived  from  experiments  on  acetamide ; 
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in  colunm  II.,  from  “inversion”  of  cane-sugar;  in 
column  III.,  from  methyl  acetate. 


Acid. 

I. 

II. 

HI. 

Hydrochloric, 

1000 

1-000 

1-000 

Nitric, 

•955 

1-000 

•915 

Hydrohromic, 
Trichloracetic, 
Jlonochloracetic,  . 

•976 

1-114 

•983 

•670 

•754 

•682 

•0-295 

•0484 

•043 

Acetic, 

•000747 

•0040 

•00345 

Sulphuric,  . 

•547 

•536 

.•547 

O.Yalic, 

•169 

•1857 

•1746 

Phosphoric, . 

•0449 

•0621 

... 

From  these  results,  arrived  at  by  methods  so  very 
diti'erent  in  character,  Ave  see  clearly  the  order  at  least, 
if  not  the  very  accurate  value,  of  the  affinity  of  varioiis 
acids.  For  further  information  on  this  subject  the 
original  papers  published  by  OstAvald  and  others  should 
be  consulted. 

IMaiiy  chemical  changes  seem  to  be  induced  by  small 
quantities  of  foreign  bodies,  as  in  those  decompositions 
above  referred  to,  methyl  acetate  and  water  becoming 
methyl  alcohol  and  acetic  acid,  a change  taking  place 
witli  extreme  slowness,  even  when  large  amounts  of 
water  are  present,  but  very  readily  Avhen  a strong  acid, 
such  as  hydrochloric  acid,  is  present.  It  might  be 
supposed  that  the  hydrochloric  acid  combined  Avith  the 
alcohol  to  form  methyl  chloride.  If  this  Avere  so,  then 
the  hydrochloric  acid  Avhich  so  combined  Avould  be 
unatfected  by  a solution  of  silver  nitrate.  On  testing, 
hoAvcA'er,  all  the  chlorine  reacts  Avith  the  silver  nitrate 
throughout  the  Avhole  reaction.  In  the  .same  Avay,  Avith 
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the  inversion  of  cane-sngar  the  attraction  seems  to  he 
l)(“twccn  the  hydroxyl  groups  in  the  sugar  and  the 
radical  of  the  acid,  hnt  the  fnll  anionnt  of  acid  seems  to 
l)(i  in  the  free  state  the  whole  time. 

A very  familiar  example  is  the  action  of  manganese 
dioxide  in  bringing  about  the  rapid  evolution  of  oxygen 
from  potassium  chlorate  at  a much  lower  temperature 
than  that  required  for  the  pure  chlorate.  Here  we  seem 
to  have  a tendency  to  form  manganese  trioxide  from  the 
dioxide  and  oxygen;  and  as  this  is  iimstahle  at  the  high 
temperature,  it  cannot  exist  even  if  ever  formed.  If, 
however,  a quantity  of  the  hydrate  he  mixed  with  the 
chlorate,  we  get  the  manganate  formed  in  large  quantity, 
and  in  which  we  have  the  manganese  trioxide  forming 
a compound  with  the  potassmm  oxide,  stable  at  the  high 
temperature. 

In  quite  a similar  way  hydrogen  peroxidi'  may  be 
resolved  into  water  and  oxygen,  which  comes  off  readily 
Avith  effervescence  Avhen  small  quantities  of  linely-divided 
platinum,  silver,  or  manganese  dioxide  are  added. 
Actions  of  this  kind,  in  Avhich  deffnite  changes  Avero 
lu’ought  about  on  large  quantities  of  materials  by  relatively 
very  small  quantities  of  another  substance,  AA’hich  itself 
appeared  to  remain  throughout  the  reaction  perfectly 
unchanged  in  properties  and  amount,  Avere  said  to  bo 
catalytic.  In  a great  many  reactions  formerly  so-called 
investigation  has  clearly  shoAvn  the  jAart  Avhich  is  played 
by  the  catalytic  agent ; as,  for  example,  in  the  use  of  the 
nitrogen  peroxide  in  the  manufacture  of  suli>huric  acid, 
and  of  suliduiric  acid  itself  in  the  continuous  etherilica- 
tion  process. 

A change  at  first  sight  of  the  same  kind,  AA'hich  has  been 
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known  and  made  use  of  in  all  countries  and  in  all  ages, 
is  that  of  the  saccharine  juices  of  plants  into  alcoholic 
and  intoxicating  beverages.  Here  the  sugar  in  the  liquid 
changes  into  ethyl  alcohol  and  carbon  dioxide,  hut  an 
ordinary  solution  of  glucose,  especially  after  having  been 
boiled,  never  gives  off  carbon  dioxide  or  becomes  alco- 
holic when  kept  in  a carefully  closed  vessel.  If,  how- 
ever, a small  quantity  of  the  yeast  plant  be  introduced, 
the  change  above  indicated  begins  and  proceeds  at  a 
rapid  rate  if  suitable  food  materials  for  the  plant  be  also 
l^resent,  the  plant  growing  rapidly  meanwhile.  In  this, 
then,  it  differs  somewhat  from  a true  catalytic  reaction, 
but  as  such  it  was  regarded  to  be  till  1838.  A change 
of  this  kind,  depending  in  some  way  or  other  on  a living 
organism  for  its  progress,  is  termed  fermentation.  The 
name,  literally  meaning  a boiling-up,  was  derived  from 
the  frothing  taking  place  in  the  ordinary  alcoholic  fer- 
mentation. 

The  part  played  in  such  chemical  changes  by 
ordinary  air  has  been  thus  traced.  It  was  found  that 
a solution  of  boiled  grape-juice  could  be  preserved 
indefinitely  in  a vacuum,  but  on  admitting  air  the 
chemical  change  began ; but  if  the  air  before  admission 
were  caused  to  pass  through  a red-hot  tube,  the  grape 
juice  might  be  preserved  indefinitely  at  the  ordinary 
pressure  and  in  presence  of  such  air.  Clearly,  it  is  not 
the  air  but  something  in  it,  and  which  is  destroyed  by  a 
red  heat,  that  is  the  primary  cause  of  the  change. 
Another  clear  proof  that  it  was  something  in  the  air  of 
the  nature  of  particles  was  given  by  filtering  the  air 
through  cotton-wool,  when  such  air  was  found  to  be  like 
tliat  passed  through  the  red-hot  tube.  It  was  further 
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proved  that  the  liquid  liltered  from  ordinary  yeast 
was  incapable  of  inducing  fermentation,  but  that  the 
semi-solid  ]iiass  remaining  on  the  filter  possessed  that 
power  in  a high  degree.  l\Iany  other  chemical  changes 
take  place  in  organic  liquids  only  when  ordinary  air  is 
allowed  more  or  less  free  access  to  them,  but  which  may 
be  preserved  indefinitely  in  pure  air  if  no  contamination 
has  been  allowed  to  take  place.  Very  common  cases  are 
milk  turning  sour  and  meat  or  meat  extracts  putrefying. 
In  each  of  these  cases  Pasteur  clearly  showed  that  there 
was  a special  organism,  and  that  the  particular  fermenta- 
tion was  closely  connected  with  the  growth  and  the 
development  of  that  organism.  The  question  is,  then, 
are  these  various  organisms  the  cause  or  are  they  the 
result  of  the  fermentation,  or  are  they  merely  accidental 
accompaniments  of  the  process'?  There  is  but  little 
doubt  that  somehow  or  other  tliey  are  the  cause  ; for,  as 
we  have  seen,  they  grow  in  the  fermenting  liquid,  and 
it  is  only  while  they  are  growing  that  the  jn’ocess  goes 
on,  and  that  if  they  be  killed  the  process  stops  entirely. 
An  agent  which  kills  the  organisms  and  thus  stops  fer- 
mentation is  termed  an  antiseptic.  The  study  of  fermen- 
tation has  the  very  greatest  interest,  and  is  of  the 
greatest  importance  with  regard  to  the  preservation  of 
animal  food  and  to  medical  science,  since  there  is  little 
doubt  that  many  diseases  are  due  to,  or  at  least  are  very 
closely  connected  with,  fermentations  taking  place  in 
the  animal  body,  the  particular  disease  depending  on  the 
particular  organism  then  residing  and  growing  in  the 
body.  This  theory  that  diseases  arc  due  to  such 
organisms  or  “germs”  affords  a very  simjde  explanation 
of  infectious  diseases.  The  specific  germs  have  been 
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definitely  identified  in  the  cases  of  several  fevers, 
although  not  for  all. 

There  is  still  one  question  to  he  decided,  and  that  is 
how  these  organisms  act?  Do  they  feed  on  the  original 
substance,  and  are  the  final  products  of  the  nature  of 
excretions  ? or  do  they,  while  growing,  produce  a suh- 
stance  which  acts  like  the  catalytic  agents  above  referred 
to  ? This  latter  view  is  more  probable,  since  the  total 
\'oluine  of  the  organisms  is  so  very  small  compared  with 
the  amount  of  matter  which  undergoes  transformation, 
and  Avith  the  rapidity  at  Avhich  it  progresses.  Accord- 
ing to  Pasteur,  it  is  probable  that  not  more  than  1 per 
cent,  of  the  sugar  which  is  fermented  is  used  by  the 
yeast  itself.  In  the  manufacture  of  alcoholic  liquids 
from  barley,  the  first  change  of  the  nature  of  a fermenta- 
tion is  that  of  the  starch  in  the  grain  into  the  sugar 
which  is  in  the  malt.  This  change  is  brought  about 
l)y  the  presence  of  an  unorganised  ferment  known  as 
diastase.  It  is  not  a living  substance,  but  is  tbe  direct 
product  of  a living  organism.  It  is,  then,  highly  probable 
that  in  fermentations  caused  by  living  organisms,  sub- 
stances analogous  to  diastase  are  produced,  and  that  these 
soluble  substances  are  the  true  ferments  or  catalytic- 
agents.  Some  of  these  have  been  prepared  by  extraction 
with  Avater  from  the  cells  containing  them,  and  then 
precipitating  them  from  their  solution  by  alcohol  or 
some  other  reagent.  The  ptyalin  in  the  saliva  and  the 
pepsin  in  the  gastric  juice  belong  to  this  class. 

Very  many  of  the  actions  i)roduced  by  ferments  are 
of  a sinq)le  character,  at  least  in  their  final  results,  such 
as  separation  or  addition  of  the  elements  of  Avater  or 
of  oxygen. 


24G 


EXPLOSIVE  BODIES. 


.Vnotlier  interesting  class  of  reactions,  "svliich  are  of 
very  great  importance,  comprises  those  brought  about 
by  more  or  less  decided  mechanical  contacts,  such  as  the 
decomposition  of  nitrogem  iodide  into  its  elements,  vbicb 
may  be  begun  hy  the  touch  of  a feather,  the  work  expended 
on  the  contact  having  no  relation  whatever  to  the  work 
which  may  he  done.  ( )ther  substances,  such  as  glyceryl 
trinitrate  (nitro-glycerine)  require  a much  stronger  blow 
to  cause  their  decomposition,  such  as  a powerful  blow 
on  an  anvil  with  a heavy  hammer,  ljut  which  will 
(piietl}'’  burn  away  when  kindled  Avith  a llame.  Ilodies 
of  this  kind,  and  which  arc  termed  explosiA'c,  form  by 
their  decomposition  sinq)ler  substances  generally  gaseous 
in  nature,  and  Avith  the  evolution  of  much  heat.  The 
production  of  an  enormous  Amlume  of  gas  AA'ith  great 
rapidity  from  a relatively  minute  volume  of  material,  is 
an  essential  quality  in  ex})losives  for  practical  purposes. 

Explosive  compounds  are  cither  formed  Avith  a large 
absorption  of  heat,  and  hence  give  it  back  on  decom- 
position, or  are  Ainstalde,  because  by  a rearrangement 
of  their  atoms  into  simpler  molecules  a large  amount  of 
heat  may  be  generated. 

Of  the  former  class  nitrogen  iodide  and  chloride, 
chlorine  peroxide,  carbon  disulphide,  and  hydriodic  acid 
gas  may  be  taken  as  typical  examples.  Of  the  second, 
ethyl  nitrate,  tri-nitrophenol  (picric  acid),  the  fulminates, 
glyceryl  trinitrate,  and  cellulose  trinitrate  are  good 
examples. 

In  the  simpler  case,  Avhen  avc  have  a compound  breaking 
up  into  its  elements  AA’ith  an  evolution  of  heat,  as  nitrogen 
chloride,  avc  have  ahno.st  a ])roof  of  the  combination  of 
the  atoms  of  elements  into  molecules,  and  that  the  .state 
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of  molecules  of  elementary  nitrogen  and  chlorine  is  more 
stable  than  that  of  molecules  containing  both,  hence 

NCI3  + XCl3= N.  + CI2  + Cl.  + Cl. 

that  is,  the  attraction  of  the  nitrogen  for  the  nitrogen  and 
of  the  chlorine  for  chlorine  is  greater  than  that  of  nitro- 
gen for  chlorine.  In  the  second  case,  we  have  generally 
organic  radicals  united  to  radicals  containing  more  or  less 
oxygen.  The  oxygen  in  glyceryl  trinitrate  is  rather  more 
than  sufficient  to  burn  up  completely  all  the  carbon  and 
hydrogen  in  the  molecule  into  water  and  carbon  dioxide — 

4C3H5(N03)3  = 12CO2  + GN.  + lOH.O  + 0. 

If  the  oxygen  is  in  too  great  an  excess,  it  interferes 
seriously  with  the  explosiveness,  as  in  tetra-nitro- 
methane  C(XO.,)^,  which  is  not  explosive,  but  nitro- 
form  CII(X02);j,  is-  The  fulminates  are  rcmarkahly 
explosive,  mercuric  fulminate  XO.,IIgC.CX’,  being  the 
substance  employed  in  percussion  caps,  &c.,  for  startiiig 
the  exi)losion  in  other  explosive  materials. 

The  much  greater  violence  exerted  by  purely  chemical 
explosives  such  as  nitro-glycerin,  compared  with  such 
mechanical  mixtures  as  gunpowder,  is  due  to  the 
enormously  greater  velocity  of  the  explosion  in  what  Ave 
may  call  molecular  explosives,  Avhere  Ave  liaA^e  all  the 
necessary  oxygen  Avithin  the  molecule  instead  of  being 
at  the  much  greater  distance  necessarily  involved  bj^  its 
being  in  a particle  merely  adjoining  and  at  a measurable 
distance.  The  more  thorough  the  mixture  the  more 
mpid  Avill  the  combustion  be,  hence  the  rapid  or  explosive 
combination  in  the  case  of  a mixture  of  gases  such  as 
hydrogen  and  oxygen. 
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cirArxKK  XI. 

SOLUTION  AND  ELECTROIA'SIS. 

When  a solid,  sucli  as  common  salt,  is  added  to  water  it 
disappears  from  view,  taking  tlie  liquid  form,  generally 
with  an  alisorption  of  heat,  which  is  often  very  consider- 
able, and  leads  to  the  employment  of  such  substances  as 
ammonium  nitrate  for  freezing  mixtures.  If  we  keep 
gradually  adding  the  salt  in  small  quantities,  we  llnd  a 
time  comes  Avhen  no  more  salt  will  be  taken  up  or 
dissolved  by  the  liquid  at  that  temperature,  the  liquid  is 
then  said  to  be  saturated  with  the  solid.  As  a general 
rule,  as  previously  pointed  out  (page  18),  if  the  tempera- 
ture be  raised  more  soliil  will  be  dissolved,  and  this  on 
cooling  will  be  deposited  in  the  crystalline  form,  thus 
enabling  us  to  purify  many  substances  when  contaminated 
by  the  presence  of  small  quantities  of  impurities.  The 
process  may  be  repeated  as  often  as  is  necessary,  and  is 
termed  recrystallisation. 

The  definiteness  of  the  amount  for  each  temperature, 
and  its  increase  by  rise  of  temperature  in  by  far  the 
larger  number  of  cases,  suggests  some  similarity  to  the 
phenomena  of  dissociation.  If  we  compare,  however, 
the  rates  of  increase  of  solubility  for  different  substances 
by  increase  of  temperature,  we  find  they  vary  in  a way 
quite  unlike  the  rates  of  dissociation  of  different  sub- 
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Diagram  of  Solubilities,  after  Gay  Lussac  (page  249). 
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stances.  Comiuoii  salt  is  very  little  more  soluble  in 
boiling  water  than  in  water  at  the  ordinary  temperature  ; 
but  nitre  is  very  nmcli  more  soluble  in  hot  than  in  cold 
water,  100  parts  of  water  at  0°  C.  dissolving  13  parts, 
water  at  50°  C.  86  parts,  and  water  at  100°  C.  247 
parts.  For  common  salt  the  corresponding  amounts  are 
respectively  35 '5,  37,  and  39 '6  parts.  The  effect  of 
variation  of  temperature  on  the  solubility  of  different  sub- 
stances is  very  clearly  shown  by  Gay  Lussac’s  diagram 
of  solubilities. 

"Water  is  by  no  means  the  only  liquid  which  forms 
solutions  of  solids,  although  it  is  by  far  the  most  useful 
and  general  solvent.  There  is  often  observable  some 
similarity  of  composition  between  the  solvent  and  the 
dissolved  body,  water  dissolving  salts,  acids,  alcohols, 
but  not  hydrocarbons  and  fats.  Hydrocarbons  and  fats 
are  easily  dissolved  by  hydrocarbons,  as  benzene  ; phos- 
phorus is  readily  soluble  in  phosphorus  trichloride ; 
sulphur  in  carbon  disulphide ; chlorine  in  chloroform. 
AVe  cannot,  however,  foretell  whether  a certain  solid  will 
bo  dissolved  or  not  by  a given  liquid  although  the 
composition  of  both  be  known,  much  less  can  we  give 
any  idea  of  the  amount.  AA'e  have,  however,  some 
relationships,  as  in  the  solubilities  of  the  sulphates  of 
l)ariuni,  strontium,  and  calcium,  of  which  the  first  is 
practically  insoluble,  and  the  last  is  the  most  soluble, 
and  is  the  usual  cause  of  the  permanent  hardness  of 
natural  waters.  The  hydrates  of  these  three  metals 
are  much  more  soluble,  but  in  just  the  reverse 
order. 

The  elective  nature  of  the  mutual  action  of  solvent 
and  dissolved  solid  at  once  suggests  the  question.  Is  a 
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solution  due  to  chemical  comhimition  between  the  two 
I'cactiug-  substances?  That  this  may  be  so  is  further 
rendered  probable  from  the  definiteness  of  the  amount 
dissolved  under  dehnite  conditions. 

The  older  chemists  undoubtedly  regarded  the  act  of 
solution  as  one  of  chemical  change.  They  regarded  the 
tendency  to  dissolve  as  a force  to  which  the  cohesion 
between  the  particles  of  the  solid  was  antagonistic.  An 
alisolutely  insoluble  substance — if  such  exists — would 
be  one  in  which  the  tendency  to  dissolve  in  a given  liipiid 
would  be  as  nothing  to  the  force  of  cohesion  between 
its  iiarticles,  and  the  varying  solubilities  of  various 
substances  would  be  due  to  the  relative  magnitudes  of 
these  forces.  Since  heat,  as  a general  rule,  tends  to 
weaken  cohesion,  so  therefore  ought  heat  to  in’omote 
solubility  ; and  the  higher  the  temperature  we  ought  to 
have  greater  solubility,  supposing  the  attraction  between 
the  solvent  and  the  solid  to  remain  the  same. 

So  far,  then,  this  agrees  with  the  facts  observed.  As 
the  liipiid  dissolves  more  and  more  of  the  solid  the 
attraction  becomes  less  and  less,  till  we  have  the  two 
op))osing  forces  balanced,  and  saturation  results.  This 
equilibrium  is  destroyed,  as  above  indicated,  by  rise  of 
temperature,  Imt  after  a time  a new  condition  of  equili- 
brium results,  and  so  on. 

In  very  many  cases  we  bave  been  altle  to  isolate 
dehnite  compounds  of  solvent  and  solid,  as  is  the  case 
with  many  crystallised  and  hydrated  salts,  as 

Na.,CO3  + 10ILO,  NaJirtb  + nkO,  XaJIPOj-i- 12HoO, 
balbOo  + SHaO,  KoAl,,(SOA  + 24H„0 

'fhc  two  forms  of  sodium  phosphate  are  obtained  by 
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allowing  solutions  to  crystallise  at  dillVrcnt  temperatures, 
and  so  wo  may  obtain  hydrated  crystals  of  many  salts 
usiially  anhydrous  l)y  lowering  suthciently  the  point  of 
crystallisatiozi.  Common  salt,  for  example,  is  usually 
anhydrous,  hut  Ity  cooling  hrine  to  - 23°  C.  we  get 
crystals  of 

XaCl  + lon/) 


Crystals  of  this  kind,  which  can  only  retain  the  water 
in  the  solid  form  at  low  temperatures,  are  known  as 
cryohjiil rates.  Even  although  avc  may  obtain  ci’ystals 

containing  both  the  solid  and  the  solvent,  it  does  not 
prove  that  in  the  solution  they  exist  combined. 

.Vt  the  present  time  a vigorous  discussion  is  going  on 
as  to  what  is  the  real  condition  of  a substance  when 
dissolved  in  a liipud.  The  rivval  theories  are  known  as 
the  “hydrate  theory”  and  the  “dissociation  theory”  of 
solution.  The  former  regards  solutions  as  consisting  of 
definite  compounds  of  solvent  and  the  dissolv'ed  sub- 
stance ; the  latter  regards  the  dissolved  szdjstance  as 
broken  up  in  many  cases  into  two  parts,  which  remain 
in  the  sohztion  together,  but  uncombined. 

The  hydrate  theory  is  a simple  one,  and  one  of  which 
it  is  not  very  easy  to  give  any  definite  proof.s,  as  any 
•change  of  property  is,  when  we  come  to  dilute  solutions, 
only  very  slight ; and  even  if  we  are  able  to  prove  the 
■existence  of  definite  crystalline  compounds,  it  by  no 
means  follows  that  these  exist  in  the  liquid  state ; nor, 
■on  the  other  hand,  does  the  inability  to  obtain  such 
prove  that  the  solution  is  not  a chemical  compound  of 
solvent  and  dissolved  substance.  We  shall,  therefore, 
■consider  first  the  “ dissociation  theory  ” of  Arrheniu.s, 
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and  see  liow  it  bears  upon  and  explains  tlie  plienoniena 
of  solutions,  esjiecially  of  ordinary  metallic  salts. 

This  theory  certainly  introduce.s,  at  first  sight,  what 
seem  to  be  highly  improbable  conditions,  according  to 
our  generally  received  ideas  of  the  stability  of  chemical 
compounds.  It  asserts,  for  instance,  that  when  we  dis- 
solve common  salt  in  water,  it  breaks  up  to  a very 
large  extent  into  sodium  and  chlorine  ions,  the  sodium 
not  acting  on  the  water,  nor  the  chlorine  giving  any 
evidence  of  its  presence  by  smell  or  bleaching  action. 
To  entertain  such  an  idea  for  a moment  we  must  require 
some  very  powerful  arguments,  supported  by  clear 
experimental  evidence  of  a conclusive  nature. 

In  the  previous  chapters  we  have  referred  to  various 
phenomena  presented  by  matter  in  the  liquid  state, 
such  as  diffusion,  lowering  of  freezing-point,  change  of 
tension  of  liquids  when  containing  dissolved  matter,  &c. 
A complete  theory  should  be  able  to  account  for  these, 
and  to  explain  any  exceptions  to  the  general  rules  estab- 
lished. In  fact,  it  is  l)y  the  study  of  such  exceptions 
we  very  frequently  obtain  not  only  our  clearest  ideas, 
but  even  our  first  suggestions  as  to  the  true  reasons  for 
many  phenomena. 

If  we  take  a narrow-necked  bottle,  cut  off  the  bottom, 
and  tie  over  in  its  place  a porous  membrane,  fill  the 
bottle  with  a solution  of  salt  or  sugar,  fit  tightly  into 
the  neck  a cork  and  narrow  tube,  and  immerse  the 
whole  in  pure  water,  so  that  the  level  is  the  same  inside 
and  out,  we  see  the  level  of  the  liquid  rising  in  the 
tube,  and  this  will  go  on  till  a very  considerable  pressure 
is  attained.  To  bo  able  to  measure  the  maximum  pres- 
sure we  must  use  a porous  vessel  such  ns  avc  use  for 


OSMOTIC  PllESSUKE. 


253 


galvanic  batteries,  after  having  hlled  its  pores  ■with  some 
colloid  substance,  such  as  copper  ferrocyanide.  This  is 
readily  done  by  filling  the  jar  first  with  a solution  of 
copper  sulphate  until  the  pores  are  filled  ■with  the  solution, 
then  ■washing  it  out  carefully  ■with  water,  and  then  by 
repeating  the  process  with  a solution  of  potassium  ferro- 
cyauide  we  get  the  pores  filled  with  colloidal  copper 
ferrocyanide.  Such  a cell  will  allow  pure  water  to  pass 
through  it,  but  not  dissolved  matter  such  as  sugar,  and 
a solution  of  sugar,  when  placed  inside,  Avill  require  a 
much  greater  pressure  to  be  applied  to  it  than  to  pure 
water  to  filter  pure  Avater  through  it.  The  pressure 
re(iuired  is,  hoAvever,  very  definite,  and  may  be  deter- 
mined thus : — Close  the  cell  thus  prepared  Avith  a 
stopper,  and  connect  it  Avith  a manometer,  and  immerse 
it,  after  filling  it  Avith  a solution  of  sugar,  in  pure  Avater, 
an  increase  in  pressure  Avill  be  observed,  Avhich  Avill  go 
on  until  a definite  maximum  is  r(;ached,  and  this  will 
depend  directly  on  the  strength  of  the  sugar  solution 
inside  the  cell  if  the  temperature  be  kept  constant.  If 
the  temperature  be  allowed  to  rise  the  pressure  Avill 
increase  at  the  same  rate  as  the  pressure  of  a gas  increases 
Avhen  kei)t  at  constant  volume.  In  fact,  the  osmotic 
pressure,  as  it  is  termed,  varies  directly  as  the  absolute 
temperature  of  the  solution.  Xot  only  does  the  pressure 
vary  in  the  same  Avay  as  a gas  Avith  regard  to  tempera- 
ture, but  Ave  find  that  “ the  osmotic  pressure  of  a sugar 
solution  has  the  same  Aaxlue  as  the  iiressure  that  sugar 
Avould  exert  if  it  Avere  contained  as  a gas  in  the  same 
volume  as  is  occupied  by  the  solution.'’ 

If  Ave  enunciate  Avogadro’s  law  thus  ; Under  equal 
conditions  of  temperature  and  pressure  equal  Amlumes  of 
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all  gases  contain  the  same  numher  of  molecules,”  it  is 
quite  obvious  'we  may  viitc  van’t  Hotf’s  law,  given 
above,  in  a similar  way,  viz.:  “ Lbider  equal  osmotic 
pressures  and  at  the  same  temperature  equal  volumes  of 
solutions  contain  an  equal  number  of  dissolved  molecules.” 
Now,  Ave  bad  several  well-marked  exceptions  to  Avogadro’s 
law,  such  as  the  vapours  from  ammonium  chloride, 
sulphuric  acid,  and  chloral  hydrate.  'When  Ave  A^olatilise 
these  Ave  get  tAvice  the  volume  Ave  should  expect  at 
ordinary  pressure,  or  for  a given  A'olume  Ave  get  tAvice 
the  pressure.  NoAAq  Avhen  Ave  dissolve  such  a salt  as 
potassium  chloride,  Ave  find  that  it  gives  an  osmotic 
pressure  very  nearly  twice  as  great  as  the  above  hiAV 
leads  us  to  expect.  The  exceptions  are  very  numerous, 
and  are  in  the  majority  of  cases  salts,  acids,  or  basc.s.  One 
property  they  have  in  common  is  that  all  are  elect  roly  s- 
able.  It  is  noAV  lone:  since  'Williamson  and  Clausius 
suggested  that  it  Avas  highly  probable  that  electrolytes 
existed,  to  a certain  extent  at  least,  as  free  ions.  Noav, 
according  to  Arrhenius,  the  transport  of  electricity 
through  a liquid  is  entirely  brought  al)Out  by  means  of 
these  free  ions,  AAdiich  each  can  take  a definite  charge  of 
electricity,  positive  or  negative,  from  the  one  electrode 
to  the  other,  rotassium  chloride  in  dilute  solution, 
then,  is  supposed  to  exist  there  as  i»otassium  and  as 
chlorine  atoms,  quite  free  from  one  another.  W'hy  does 
the  potassium  not  decompose  the  Avater  and  liberate 
hydrogen  from  it?  The  potassium  is  prevented  from 
doing  so  by  its  enormoas  charge  of  electricity.  'When, 
hoAvever,  Ave  place  a solution  in  a vessel  Avith  electrodes 
and  pass  in  a current,  the  potassium  and  the  chlorine 
move  in  o})positc  directions,  giving  up  their  charge  and 
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becoming  the  ordinary  “free”  element,  as  ■we  know  it 
at  each  electrode.  The  ions  behave  as  if  they  had  all 
the  same  capacity  for  electricity,  hence  we  have  Faraday’s 
law,  which  states  tliat  “ equal  quantities  of  electricity 
require  ecpii valent  quantities  of  the  ions  for  their 
trans})ort.”  If  we  arrange  several  voltameters  with  solu- 
tions of  sulphuric  acid,  silver  nitrate,  stannous  chloride, 
bi.smuth  nitrate,  stannic  chloride,  and  pass  the  same 
current  on  through  them  in  serie.s,  we  get  for  1 part  by 
weight  of  hydrogen  liberated,  108  parts  of  silver,  59  of 
tin  (from  stannous  salts),  G9  of  bismuth,  and  29.1  of  tin 
(from  stannic  salts) ; at  the  same  time  we  obtain  35. ( 
of  chlorine,  G2  of  the  nitric  acid  radical  (NO^),  and  48 
of  the  radical  of  sulphuric  acid  (SO^). 

Further,  electrolytes  are  substances  of  great  chemical 
activity,  and  this  is  due  to  the  dissociated  state  in 
which  they  exist,  those  substances  which  exist  thus 
being  obviously  in  a better  condition  to  react.  'When 
we  consider  the  ordinary  reactions  Avhich  Ave  employ  as 
qualitative  and  quantitative  tests,  Ave  find  in  many  cases 
that  it  is  testing  not  for  an  clement  alone,  unless  it 
exists  as  an  ion.  For  instance,  in  testing  for  chlorine 
Avith  silver  nitrate,  Ave  may  have  much  chlorine  present, 
and  yet  obtain  no  evidence  of  its  presence  by  this  test. 
Fotassium  chlorate  solution  mixed  AAuth  that  of  sih'er 
nitrate  gives  no  trace  of  silver  chloride  if  pure,  but  if  a 
trace  of  the  chloride  be  present,  Ave  instantly  have  a 
Avhite  precipitate  formed.  The  ions  in  this  case  are 
K and  CIO..  Again,  if  Ave  take  a substance  as  analogous 
as  possible  to  potassium  chloride,  but  AA’hich  does  not 
admit  of  electrolysis  because  it  does  not  di.ssociate  in 
aqueous  solution,  such  as  ethyl  chloride,  Ave  find  it  is 
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without  action  on  silver  nitrate.  AVlien  one  began  to 
learn  chemistry,  one  of  the  tests,  Avhieh  seemed  to  be 
a very  odd  one,  was  to  use  potassium  ferrocyanide, 
a substance  containing  iron,  to  test  for  the  presence  of 
iron  elscAvliere.  Yet  the  iron  in  this  substance  is  not 
recognisable  by  any  ordinary  test  for  the  metal  either  in 
the  ferrous  or  ferric  state.  We  get  no  reaction  Avith 
ammonium  sulphide,  potassium  hydrate,  or  ammonia. 
In  solution  it  exists  as  the  ions  4K  and  (FeC^N^). 

But  sometimes  Ave  have  Avith  the  same  ion  very  dif- 
ferent reactions,  as  iron  in  ferrous  and  ferric  compounds, 
copper  in  cuprous  and  cupric  compounds,  and  the  radical 
(FeC^;N,.)  of  the  ferrocyanides  and  of  the  ferricyanides. 
This  is  due  to  the  different  charges  of  electricity  they 
bear..  Their  valency  is  i)roportional  to  their  electrical 
charge. 

If  the  ability  of  a SAibstance  to  enter  into  chemical 
reactions  depends  on  the  number  of  free  ions  it  contains, 
and  if  its  electric  conductivity  dei)ends  on  exactly  the 
same  condition,  it  is  A'^ery  evident  Iioav  it  Avas  possible 
for  OstAvald  to  determine  the  coelhcients  of  aflinity 
from  the  electric  conductivity  of  solutions. 

On  page  59  Ave  gave  Kaoult’s  method  of  determining 
the  molecular  Aveights  of  substances  in  solution,  and 
pointed  out  the  abnormal  behaviour  of  the  aqueous 
solutions  of  salts,  acids,  and  bases.  We  might  here 
state  the  Iuav  in  another  form,  viz.,  dilute  solutions 
Avhich  contain  an  equal  number  of  dissolved  molecules 
in  equal  volumes  of  the  .same  solvent  have  the  same 
freezing-point.  If,  hoAvever,  the  substance  dissociates 
as  above  supposed,  Ave  ought  to  have  a much  greater 
loAvering  in  the  case  of  electrolytes  than  in  non-electro- 
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lytes.  For  normal  solutions  of  sugar  and  of  potassium 
chloride  the  freezing-points  are  respectively  - 1°'89  C. 
and  - 3° -5  C. 

In  the  same  Avay,  the  volume  changes  produced  cu 
neutralisation,  to  Avhich  we  referred  in  the  last  chapter, 
and  Avhich  were  also  used  by  Ostwald  to  determine  co- 
efficients of  affinity,  lead  exactly  to  the  same  conclusions 
as  to  the  nature  of  solutions. 

This  vieAv  of  the  nature  of  solutions  explains  clearly 
Avhy  there  should  be  no  evolution  of  heat  on  mixing  tAvo 
solutions,  as  Hess  pointed  out  Avas  the  case  in  enunciating 
his  laAv  of  thermo-neutrality,  for  in  each  solution  Ave  have 
very  little  decomposable  matter,  the  salts  present  being 
there  mainly  as  free  ions.  It  also  gives  the  reason  for 
the  evolution  of  heat  being  almost  exactly  the  same 
Avhen  strong  acids  and  bases  neutralise  one  another — 

K + OH  -f  H-fCl  = K-fCl  -f  HOH 

Na+^H  + H + m,  = ISTa  + NOj  + HOH 

the  actual  combination  taking  place  between  II  -t-  OH  to 
form  HoO. 

The  “hydrate  theory”  is  held  by  many  AA^ell-knoAvn 
chemists,  and  certainly  requires  at  first  sight  much  fcAver 
startling  assumptions  than  the  other.  The  proofs  of 
hydrates  existing  eA'^en  in  extremely  dilute  solutions  are 
deduced  from  the  study  of  the  amount  of  heat  evolved 
in  the  solution  of  sulphuric  acid,  for  example,  in  A^arying 
quantities  of  Avater.  If  Ave  use  the  graphic  method  of 
comparing  these  amounts  of  heat  by  plotting  the 
amounts  as  ordinates  and  the  percentage  composition 
of  the  solution  as  abscisste,  the  curve  produced  is  not  a 
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uniform  one,  but  indicates  tlie  presence  of  vcom pounds 
Ijy  sudden  changes  of  direction.  Conductivity,  density, 
and  refractive  index  may  be  used,  and  seem  to  give 
similar  results. 

We  might  pursue  the  analogy  between  a solid  dis- 
solving and  a solid  dissociating,  or  a liquid  vaporising, 
still  further.  A liquid  volatilises  until  a definite  pres- 
sure is  reached,  depending  on  the  temperature  alone ; in 
the  same  way  a solid  dissoh^es  to  a certain  extent,  which 
is  likewise  dependent  on  the  temperature;  and  just  as 
liquids  exert  very  different  pressures  at  a uniform  tem- 
perature, so  do  solids  have  very  different  solubilities, 
and  consequently  have  very  dilferent  osmotic  pressures 
at  the  same  temperatures. 

The  “ osmotic  pressure  ” or  “ dissociation  theory  ” of 
solution  accounts  for  so  many  hitherto  unexplained 
facts  that  the  burden  of  proof  seems  to  be  laid  on  the 
upholders  of  the  “ hydrate  theory  ” to  prove  that  it  is 
Avrong.  It  only  requires  one  really  new  and  somewhat 
startling  change  as  to  our  ideas  regarding  chemical 
stability  in  solution,  and  is  supported  by  so  many 
experimental  data  correlating  almost  all  the  phenomena 
of  solution  in  such  a marvellous  manner  that  one  feels 
bound  to  admit  its  truth. 
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